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PREFACE. 



The following small work is a reprint 
of a serial paper published in the Sanitary/ 
JSngineer during the year 1884. 

All the illustrations are engraved from 
drawings made for these articles by the 
author. 

New matter and illustrations have been 
added where it was thought the value of 
the book would be increased thereby: 

A table of contents, with an index to 
the illustrations has been written, and 
the text revised and corrected. 

Technical terms and phrases have been 
avoided, where possible, so the essay may 
be profitably read by any intelligent 
householder. 

I hope that architects and others ex- 
pert in sanitation may find something 
new, interesting or of value in its pages. 

Glenn Brown. 
Washington, D. C, 
607 La. Ave-., 
1885. 
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HEALTHY FOUMTIORS FOR HOUSES. 



I. 

1. Definition. — The term or word 
foundation is used without distinction to 
mean either the surface on which the 
building rests or the footing-courses and 
cellar-walls on which the superstructure 
is built. 

To obtain healthy foundations it is 
necessary to select or so treat the building 
site that it will be free or protected from 
vegetable and animal matter in the sub- 
soil, which in the process of decay would 
generate poisonous gases; it must also 
be free, naturally or artificially, from 
dampness — i.e.,, there must be no springs, 
water-courses, or standing water within 
the area of ground covered by the build- 



ing. 



It being an accepted fact that damp and 
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polluted soils are unhealthy when used 
as foundations, it only comes within the 
province of a treatise of this kind to show 
how buildings can be protected from the 
evils which would be produced. 

2. Soil' Water and Moisture. — Soil- 
moisture arises where water and air both 
occupy the interstices of the ground; 
when the interstices are filled with water 
to the exclusion of air it is called soil- 
water. A soil that is full of water acts 
as a collector and retainer of filth that 
may soak into the ground, prevents the 
circulation of air, and thus retards the 
oxidization or purification of the filthy 
matter which it contains. Water or 
moisture in the soil decreases the tem- 
perature. 

3 Groun d-A ir. — The movements, char- 
acter, and effects of ground- air have 
been investigated only to a limited ex- 
tent, but its important bearing has been 
clearly shown by the experiments of 
Prof. Renk.* By his experiments he 

* Dr. Henk recommends underground porous flues 
connecting with the kitchen chimney for taking off 
the ground air from beneath the building. Such an 
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finds that the draught or current is from 
the ground into the house for the greater 
part of the year, and that it brings with 
it particles of whatever injurious matter 
the soil may contain. 

These particles would be disseminated 
through the house by the warm currents 
of the heating apparatus. 

The ground-air is kept in continual 
movement by the state of the winds and 
of the atmosphere. 

The eflfect which the wind has upon 
the ground-air is clearjj^ shown by the 
following experiment of Pettenkofer. 

4. Pettenkofer 8 JExpeHment. — He* 
takes a long glass tube closed at the 
bottom and fills it with gravel. Into the 
axis of this tube he inserts another 
smaller tube, open at both ends and 
reaching nearly to the bottom of the 
large tube. The second tube is attached 



arrangement might be occasionally effective, but 
often it would be useless, i. «, when the kitchen fire 
was not burning, when 6ome fire in another part of 
the house needed the air more than the kitchen fire 
didy when contrary winds would force it into the 
house, Ac— Q. B. 
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by a piece of rubber tubing to a glass 
U-shaped or trapped tube, which is par- 
tially filled with water. (See Fig. 1.) *' If 
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Pbttenkofkb's Experiment. 

(a) small tube, (6) large tube filled with gravel, 
(c) tube with person,/, blowing through it, (d) 
rubber^tube, («)ibent^or,U tube with water in it. 
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a person blow, as represented in the fig- 
ure, on the surface of the gravel, the 
liquid in the U-shaped tube will be seen 
to alter its position, the level side next to 
the person who is blowing, becoming 
lowered, and the other proportionately 
elevated. The depression of the fluid is 
caused by the air blown through the 
gravel, because it ascends from the bot- 
tom of the gravel through the small 
tube, passes through the india rubber 
tube, and thus reaches the water." 

5. If a candle is placed at the mouth 
of the U-shaped tube, the water having 
been removed, the flame of the candle 
will be pressed aside by the current of 
air. From the experiment it can be eas- 
ily understood how the ground-air is con- 
tinually moving by the action of the 
winds on the surface of the ground, or 
by the state of the atmosphere. 

6. Geological Formations, — Natural 
drainage, and the necessity for artificial 
drainage of the building-site, depend 
upon the character and formation of the 
different strata in the soil and subsoil. 
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upon their inclination or dip, upon the 
permeability, porosity, or depth of the 
substances forming the crust of the 
earth. 

Much of the following description of 
the geological formations is a rewritten 
abbreviation from Dr. Parkes' excellent 
discussion of the subject in his " Manual 
of Hygiene." 

7. Granite and Trap-Hock, — In gran- 
ite, metamorphic and trap-rock forma- 
tions the slope or natural inclination is 
great; the water runs off rapidly and 
leaves the air comparatively dry. 

8. Slates. — Slates are similar to gran- 
ite, in their natural inclination being 
great and also in their being imperme- 
able. In such rocky formations swollen 
underground brooks or water-veins are 
often encountered, just after or during 
rains, which are dry at other times. 
Architects may be easily deceived by the 
intermittent character of these streams. 

9. JOimestone. — Strata composed of 
limestone usually have sufficient slope to 
carry off water rapidly. In formations 
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of this character marshes are common 
and may be found at great heights. The 
water is retained in large cavities, which 
are hollowed out of the limestone in the 
course of ages by the carbonic acid in 
the rain. These cavities form reservoirs, 
which should not be overlooked when 
building upon a foundation of this char- 
acter. Oolite is the best, and magnesian 
the worst, form of limestone for a foiihd- 
ation. 

10. Chalk. — When free from clay and 
permeable, chalk forms a healthy founda- 
tion, although water will rise to a con- 
siderable height above the line of com- 
plete saturation. Marly chalk is imper- 
meable, damp and cold. When chalk is 
underlaid by gault clay the building-site 
will usually be found malarious. Some 
of th# most marshy districts in America 
are on chalk. Goitre and calculus are 
not as common as in limestone districts. 
•11. Sandstones. — Strata composed of 
sandstone are usuaUy permeable and 
healthy, the ground and air both being 
dry. The building- site may be damp 
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when the sand is mixed with clay or when 
another impervious stratum underlies a 
shallow sandstone formation. 

Sandstone will be wet by capillary at- 
traction one or two feet above the water 
standing in it. Millstone, grit forma- 
tions, resemble the granites more than 
the sandstones in their conditions. 

12. GraveL — When of a sufficient 
dej^th gravel makes one of the healthiest 
of all natural foundations, unless, as is 
sometimes the case, the gravel allows 
water to rise through it. In case it is 
surrounded by an impervious stratum 
the ground- water may have no outlet. 

Dr. Parkes in his *' Manual of Hy- 
giene " says : '* Gravel hillocks are the 
healthiest of all sites." 

13. Sand. — As a foundation sand may 
either be healthy or unhealthy. ^ Pure 
sand of considerable depth, not retain- 
ing moisture, and in which water rises 
only a short distance by capillary attrac- 
tion, is healthy. It is unhealthy when 
underlaid by clay near the surface, when 
water rises into and through it, and 
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when it contains organic matter. Im- 
purities are often retained in sandy soils, 
and the ground air, which traverses it 
freely, carries particles of these impuri- 
ties with it. 

14. Alluvial. — The so-called alluvial 
soils are objectionable, as they keep the 
^ir moist, have a large amount of organic 
matter in them, and marshes are also 
common in such formations. Alluvial 
soil consists chemically of the same ma- 
terial as the masses from the disintegra- 
tion of which it has originated. From 
its formation 'it has great permeability 
for air and water, which act as conduct- 
ors for particles of decayed matter that 
may be in it. Soil of this character often 
has alternations of thin, sandy strata and 
impermeable sandy clay. The vegetable 
matter contained in it makes the ground 
air and water impure. 

15. Clay. — Water neither runs off 
from or through clay soils, so the 
ground- air is moist and marshes are 
•common. Clay does not give off vapor 
as copiously as free open soils, which are 
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kept wet by the water that nnderlies 
them, although evaporation will con- 
tinue to take place, and the amount of 
vapor given off will be much greater in 
the end than from free soils under the 
same conditions. Organic matter exist- 
ing in clays undergoes decomposition 
slowly, but there is no diminution in the 
amount of carbonic acid gas evolved. 
Clay is cold, insalubrious, and objection- 
able as a building-site. 

16. CtdtivateiL — ^In themselves culti- 
vated soils are not unhealthy, nor ha& 
manure, when serving its legitimate pur- 
pose, been proven hurtful. Such ground 
has a bearing upon buildings only as it 
affects the neighborhoods, as it must al- 
ways be removed from the actual build- 
ing-site. Rice fields or irrigated land 
are hurtful, malaria being common in 
their neighborhood. 

17. Made Ground. — In cities it is 
common to find what is called made 
ground, i, e., lots which are below the 
established grade and are filled in. 
With clean gravel or sand as a filling 
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such ground will be healthy ; but when, 
as is usually the case, they are filled with 
rags, sticks, leaves, boots, shoes, dead 
dogs, cats, rats, chickens, etc., they be- 
come dangerous to health. 

18. The Soils Filtering Capacity.'* — 
The question of how far the soil and the 
different ingredients forming the earth 
filter or remove impurities from the 
ground water and air, is an important 
one. How far deleterious matter will 
travel before it is eliminated from the 
water and air is a most important ques- 
tion. 

19. Pumpelly*s Experiments, — The 
National Board ot Health, before it was 
rendered useless by the legislation of a 
thoughtless Congress, investigated this 
subject among other important topics 
connected with the health of the people. 
This investigation was carried on by 
Raphael Pumpelly, assisted by George A. 
Smith. The report of this investigation 
was published in the thirteenth supple- 

* Portions of a paper by the aathor published in the 
CaHfomia Architect. 
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ment of the National Board of Health 
Bulletin.* In the following lines I will 
give a short review of the subject. An 
illustration of one of these experiments 
is shown in Fig. 2. 
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Air Filter. 

(a) narrow part of tube, (b) wire saucers, (c, e) 
sand through which air passes, (d) beef infu- 
sion ; arrows show direction of air. 

20. Air I^ilters. — This filter consisted 



Thirteenth Supplement, National Board of Health. 
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of a column ten centimeters (3.9 in.) high 
of sand resting on a copper gauze saucer. 
The sand was 30°, 50°, and 100° fine, i.e., 
screened through meshes of the corre- 
sponding number per inch. In the bot- 
tom of this bent tube was some beef in- 
fusion, or some other easily putrescible 
fluid. Air was made to pass through this 
tube slowly by aspiration. All the filters 
tried in this way stood the test, the in- 
fusion remaining intact. 

21. Water Jolliers. — The next experi- 
ment shows the filtering effect of the soil 
on polluted water. The columns of sand 
used in this case were twenty-two and 
one hundred feet long, of mixed grain 
18° to 100° fine. (See Fig. 3.) 

22. "To obtain sterihzed columns of 
such lengths the sand was intensely 
heated and poured into lead pipe which 
was then coiled. (Fig. 3.) It was then 
placed in a furnace and heated to with- 
in 250° and 300° C, (482° to 572° F.) 
and then the lower end attached to a 
flask containing the infusion." The flask 
was ventilated through a tube protected 
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by a sterilized asbestos £!ter. The whole 
was then allowed to rest for several weeks, 
to be sure that the iofusioc had been 
properly sterilized, the pipe was then very 



Water Filtbh. 

(«) coil^of lead pipe Qlled with sand, (d) flask 
with beet iufuaion, (c) veutilated witli asbestos 
filter. 

slowly filled with tap water. The first 
water that passed through both the 
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twenty-two and one hundred feet pipe or 
-columns carried infection with it.. 

23. Conclusion from JExperiments. — 
The inference drawn is that soil is an ex- 
cellent filter for impure or infected air 
that may pass through it, but a very poor 
filter for infected water that may perco- 
late through the soil. The experimenters 
say ; " From these results it appears very 
<5learly that sand interposes absolutely 
no barrier between wells and the bacteri- 
al infection from cess-pools, cemeteries, 
etc., lying even at great distances in the 
lower wet stratum of sand. And it ap- 
pears probable that a dry gravel, or pos- 
sibly a dry, very coarse sand interposes 
no barrier to the free entrance into houses 
built upon them, of these organisms 
which swarm in the ground- air around 
leaching cess-pools, leaky drains (sewers), 
etc., or in the filthy made ground of cities. 
.. . . K the drift of leaching be to- 
wards the cellar, very wet seasons may 
•extend the polluted moisture to the cellar 
walls, whence after evaporation the germs 
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will pass into the atmospheric circulation 
of the house." 

24. Another series of experiments were 
made to ascertain the effect of air which 
either remained stationary or passed in a 
current over the surface of polluted water. 
In other words, will ground-air take in- 
fectious germs from the surface of pol- 
luted water and carry these germs into 
the house ? 

25. Infected Bubbles. — Fig. 4 shows 
an apparatus by which filtered air (asbes- 
tos filter) is made to pass, by aspiration, 
along the surface of the infected fluid, 
and then through the pure infusion at 
the rate of 3J liters (7.385 pints) per 
day. In three flasks, after six months, 
the infusion was fpund intact. 

26. To try the effect of bursting bub- 
bles on the surface of the water, trans- 
ferring germs in this manner to the air, 
other experiments were made. In these 
experiments " although the formation of 
bubbles, gentler than in much natural 
fermentation, the infusion in all three 
flasks became infected in a few days." 



AiB Passino Ovee Polldted Watbe. 

F (a'and b) Bterilized fillers, (c) tube connecting 
iofected fluid cliamber witb sterilized infiision, 
(d) beef infusion, (/) iofecled fluid: arrows 
show directioD of current. 

27. Prof, Pumpelly Bays in concluBion : 
"At'a normal summer temperature no 
fferms'^vtere given off from the decompos- 
ing^liquids whenever their surfaces re- 



30 



mained unbroken^ even though in some 
of the experiments the air was continu- 
ously conducted over them in a slow cur- 
rent. When the. surfaces of the liquid 
were broken, however, by the bursting of 
bubbles, germs were invariably given off 
and sterilized infusions infected, no mat- 
ter how slowly the aspiration was' con- 
ducted." 

27a. Disinfecting Microbe, — Some re- 
cent discoveries, or supposed discover- 
ies, in reference to the purifying effects 
of the soil are described in the AmeTficon 
Architect and JBuilding News for Janu- 
ary 10, 1885. 

" It was found a year or more ago that 
sewage filtered through soil would come 
out clear and pure, but when this same 
soil was treated with dilute chloroform, 
the sewage would pass through without 
change, the oxidizing or purifying char- 
acter of the soil being suspended. The 
soil would not regain its power for some 
days. This was supposed to show small 
living organisms, whose activity could be 
suspended by an anaesthetic, and thus pre- 
vent the oxidation of the sewage. 
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" This theory has now been confirmed 
by additional observations, and the little 
creature which converts into a fixed and 
harmless salt the putrifying impurities of 
such sewage as it can reach, is believed 
to be a micrococus somewhat resembling 
the yeast plant. 

"Many and varied tests have been made 
to determine the conditions under which 
the disinfecting microbe lives and acts, 
and a good deal has been learned about 
its habits. It is found that it flourishes 
best &nd is most efficient at a temper- 
ature of about ninety-eight degrees Fah- 
renheit. ... At higher and lower 
temperatures it becomes more feeble and 
ceases altogether near the freezing point, 
or above one hundred and thirty degrees. 
Experiments to show its distribution in a 
clay soil, show that it is most abundant 
in the upper six inches, but is found to a 
depth of a foot and a half, below that 
depth it cannot live. Acid solutions are 
not acted on by them." 

28. Subsoil Water. — A site which 
would otherwise be good is often water- 
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logged by having an impervious stratum 
around and beneath it, the water standing 
at the height of the lowest outlet (Fig. 5). 




Fig. 5. — Subsoil Water. 

a, rock subsoil ; 5, common earth ; <j, subsoil 
lake ; dj outlet; e, water-vein or inlet ; /,. dotted 
line shows artificial outlet ; g, positions which 
foundation walls may assume. 

Below, as on the surface, water is to be 
encountered in the form of streams, 
springs, and lakes. The height of sub- 
soil water varies according to circum- 
stances, depending on the rain-fall, the 
height of streams in the neighborhood, 
and in some instances on the rise and fall 
of the tides. 

29. These streams or sjprings may be 
dry at some seasons of the year, so it be- 
hooves the architect to examine and see 
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in what direction impervious substrata 
may incline, and at what depth they exist 
below the ground. If a house is to be built 
on the side of a hill, and stone is seen 
cropping out above and below the building 
(Fig. 6), we may conclude that if any por- 
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Sloping rock-stratum cropping out at a a; 5, 
common soil ; c^ foundation-walls. 

tion of our foundation -wall or cellar bot- 
tom comes within two feet of this rock or 
other impervious substratum, then the 
inmates would be troubled with damp 
walls and cellars, unless the proper pre- 
cautions have been taken. 

30. The natural foundation in the case 
of peat-sand or soft clays, should be 
drained before the foundation-walls are 
commenced, when drainage is necessary, 
because in lowering the water-level boggy 
ground and soft clays are made less bulky, 
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and the flow of water causes more or less 
moyement in loose sandy soil that might 
easily become dangerous to the super- 
structure. 

n. 

^DRAINAGE. 

31. It is necessary to keep the subsoil 
water, whenever it stands on or rises into 
our building-site or cellar, at a depth be- 
low the foundation or bottom of the cel- 
lar sufficient to prevent the water rising 
by capillary attraction into the wall or 
floor. 

32. Drains. — Artificial conduits for the 
purpose of carrying water from the sub- 
soil are called drains. The word drain 
has a meaning distinct from that lyhich 
should more properly be called a st r. 
the first being a duct to draw off 
water, and the latter a conduit for w 
matter or sewage.* 

♦ The word drains and the French word trainer nave 
the same meaning ; but^Mr. E. F. B. Denton Is appar- 
ently yrrong when he states in his book that the Eng- 
lish word is derived"from, or is a corruption of, the 
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33. In country houses it may be nec- 
essary or beneficial to drain the ground 
for some distance around the building, 
while in the city it will be necessary 
usually to confine the drainage to the 
building-site propter. 

•For these drains an outlet must be 
found. In the country it is easy to find a 
low point or water course; in the city 
the drain must be properly connected 
with the sewer. The manner of making, 
laying, and jointing drains for the pur- 
pTIflse of health are similar to the methods 
adopted for agricultural works. 

34. Ancient Moman Drains, — The un- 
derground conduits discovered by De 
Tucci, the archaeologist, in the Eoman 
hills, and called cuniculi, were examined 
by Tomassi Crudelli and found to be ex- 

ich. According to W. W. Skeat, in his recent work 

' • ^^tymology, drain is the old Anglo-Saxon word 

(inian, or drenlan, in which the first syllable, dreh- 

ih-drag, to draw or pull forcibly, indicates the ser- 

9 a drain renders in extracting the water from the 

tand. Sewer is derived from essuier of the old French 

(uft>d. French esmyer). The old English form was ea- 

Hwe^ the first syllable, e^, having been dropped in later 

years.— G. B. 
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clusively for the purpose of draiuiog 
the hills. In writing of the open waJk 
(Hyphrsethum) or promenade situated at 
back of theaters, Vitruvius describes the 
Eoman manner of making drains : '' In 
order to render the walks firm and free 
from damps, the earth must first be dlig 
out to a proper depth, and drains of brick- 
work constructed on each side, and chan- 
nels left in the walls, with a gentle inclin- 
ation from the walks into the drain. The 
whole space may then be filled in with 
charred wood, and the surface covered 
with sand, which, when leveled, forms the 
walks. Whatever water falls will either 
be carried by the channels into the drains 
or will filtrate through the charcoal leav- 
ing the surface of the walls firm and free 
from moisture." 

35. For a historical review of drainage 
in this country and in England, I will re- 
fer the reader to H. B. French's work on 
the subject. 

36. Construction of Drains. — They 
may be formed of earth, wood, stone, or 
tile (terra-cotta),the latter being d ecidedly 
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the best ; but it may be expedient some- 
timee, for economy, from neceasity, or as 
a temporary arrangemeot, to use the 
drains first mentioned. 



Eabtb-Dbain. 
a, drain ; h, boards ; e, clay covering. 

37. Bitch or Earth 7>ra»w«— Such 
drains are necesBarily open, imJess cov- 
ered by some unyielding substances, such 
as short pieces of boards or pieces of 
stone that may be picked up on tiie 
premises. The part that is to serve as 
the drain is smaller than the ditch above, 
having two shoulders left to r 
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boards, planks, or stoneB which are to 
cover the drain. The earth is then 
thrown in on top, clay being first packed 
next to the boards or stune, so sand and 
loam will not get in and fill up the drain 
(Fig. 7). 

38. ■Fbt)<7m^™ins.— When the ditch 
has been excavated to the depth desired, 
small poles are laid in the bottom and 
parallel to the length of the ditch. If 
the wood is first charred, as in the case 
of the Roman, drains described above, it 
will last ft long time (Fig, 8). Box-drains 



Fig. 8.— Polb-Dbaik. 
a, pole ; b, cIkj cover. 
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may ,be formed by nailing short pieces of 
board, the width of the intended drain, 
across horizontal pieces which run paral- 
lel with the ditch (Fig. 9). 




Pig. 9. — Box-Drain. 

a, box ; b, clay cover. 



The three drains described above may 
be temporarily used, or used where the 
better stone or the best tile drains cannot 
be obtained. 

39. Stone Drains. — The ditch is par- 
tially filled with loose stone (Fig. 10). 
Large flat stone are sometimes placed so 
as to form an open conduit at the bottom 



Stonb Drain. 
(Fig. II). Wben they are to act afi]inter- 



Fio. 11.— SiotiB Dhaiit. 
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cepting-drains — that is, catching and car- 
rying off water that may be flowing along 
impervious strata toward the building — 
the stone would be carried within a short 
distance of the surface. In this manner 
all water flowing toward the building, 
either from the surface or along a rocky 
or clayey formation, would be intercepted 
and trickle down into, and be carried off 
through, the drain. When the drain is 
to carry off onlj subsoil water it must be 
covered with compact puddled clay, as it 
is desirable to prevent water entering at 
the top and carrying with it sand and 
loam, which would in a short time flU up 
the interstices between the stones. The 
water should come in from below. Stone 
drains are well adapted for intercepting- 
drains, and also as drains situated beneath 
or on one side of the foundation- walls. 

The outlet, or manner of connecting 
with the sewer, would be the same as in 
the case of a tile drain. 

Bricks are not suitable for the purpose 
of making drains. 

40. Tile Drains are short pieces of 
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hollow, porous terra-cotta, or burnt clay, 
and are far superior (and to be used ex- 
cept in special cases) to the^drains already 
described. They carry off the water with 
greater ease, rarely, if ever, get choked 
up, and require only a slight incHnation 
to keep the water running through them. 
Drain-tile may be made from the same 
clay that will make good brick. This clay 
contains in a hundred parts : 

Silica, from 55 to 75 parts ; 

Alumina, from 25 to 35 parts ; 

Magnesia, from 1 to 5 parts, 
mixed or combined with variable, or 0, 
quantities of lime, potash, and oxide of 
iron. The clays are not often adhesive 
when taken from the ground, and they 
have to be tempered, or thoroughly mixed, 
it being sometimes necessary to add for- 
eign substances to make them useful. 
The pipes made are porous ; but it is not 
intended to^have the water en^er through 
its shell, but through the joints. 

41. The Eomans are known to have 
used unglazed terra-cotta pipe ; but these 
pipe are supposed to have been intended 
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for the purpose of sewerage, and not for 
the purpose of drainage. 

42. Drain-tiles are made in a variety of 
patterns, as horseshoe, sole, double-sole, 
and round-tile, the name being derived 
from the shape or appearance of their 
cross-section. Drains have been formed 
on the bottom and in one piece with the 
stone or earthenware sewer-pipe. 

43. Horseshoe Tile, which were origin- 
ally open at the bottom, were, or are, 
placed with the open end down on the 
bottom of the ditch. They were so far 
superior to stone drains that they had an 
extended use ; but they are much inferior 
to the round tile (a. Fig. 12). The 
horseshoe tile is also made with a bottom 
to it {b. Fig. 12). 

44. Sole- Tile have a flat bottom or foo^ 
piece formed on the tile for the purpose 
of giving them an even and flat surface 
to rest upon. The form of the tile de- 
feats the end for which it was designed, 
as the clay in baking is distorted by the 
unequal thickness, which causes the top 
to dry and contract much sooner than 
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Fig. 12. 

a, horseshoe tile ; b, horseshoe tile with bottom ; 

Cj sole tile; d, double-sole tile; e, round 

tile, octagon-shaped outside. 



the bottom. With the tile misshapen it 
is impossible to give them proper joints 
(c, Fig. 12). 

45. Double-sole Tile have the flat foot- 
ing formed on both sides. They are not 
often distorted, and may be laid either 
side up ; but are heavy, which adds ma- 
terially to the cost of transportation. The 
joints are made more easily than in the 
case of sole-tile (t/, Fig. 12). 
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. 46. Sewer and Drain Tile combined. — 
Sewer terra-cotta pipe has been manu- 
factured with two compartments, one for 
sewage, and the other or bottom compart- 
ment for pure water from 'the ground. 
Tig. 13 is illustrations of pipe for this 




a, sewer ; 5, drain. 

purpose, the drain-pipe haying small open- 
ings through which the water can enter. 
In practice a drain-pipe of this kind 
would be certain to collect sewage- water 
from the imperfect joints in the upper 
<)ompartment. 

Although combination-tiles are some- 
times used to carry off ground-water 
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while the sewer is being laid, it will usual- 
ly be better to drain the ground separ- 
ately. 

47. Jtound Tiles, as the tiles are called 
that are circular in cross- section, with 
collars over the joint of the small tile 
and without collars for the large tile, 
form the best conduits for subsoil drain- 
age. 

The inside diameters of these tiles usual- 
ly vary from IJ", 1^", 2", 2^', 3", to 6 
inches, but they are manufactured as 
large as 8 inches. Pieces of the larger 
pipe serve as collars for the smaller sizes. 
They are in length 12, 14, and 24 inches, 
and in thickness of shell from a quarter 
of an inch to one inch. 

49. The collar which encircles the joint 
of the small tile allows a large opening, 
and at the same time prevents sand and 
silt from entering the drain. 

The large tiles do not need the collar 
at the joint, as the larger diameters are 
only needed (or used) when there is an 
abundant flow of water — a flow sufficient 
to carry off any silt that may get into the 
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pipes. Large drains sometimes have a 
bell similar to sewer-pipe. In. Fig. 14 is 




Fig. 14. 

a, small drains ; ^, collar ; c, main drain ; d, 

collar for joining branch ; e, branch fitted into 

collar ; /, Y branch ; ^, clay packing. 

shown a tile drain in position, the small 
branches having collars and the main 
drain being without them. 
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Fig. 15.— Round Tiles. 
a, reducer ; 5, quarter bend ; c, eighth beud. 

50. Jointing Tiles, — Not many years 
ago, when it was necessary to change the 
course of a line of drains or to connect 
a branch into another line, it was neces- 
sary to chip with a small pick-hatchet 
until they joined at the angle or fitted in- 
to the hole. The improyement on this 
method consists in having eighth and 
quarter bends when the course of the 
drain is altered, and Y and T branches to 
connect the lateral with the main drain. 

51 . Where the Y branches are not eas- 
ily obtained the lateral is joined to the 
main drain by chipping the lateral, so 
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that it can fit into a hole shaped in a long 
collar to receive it {d Fig. 14). 

The pipes which fit into the collar are 
only to be brought to the edge of the 
opening. Connections of this kind must 
be made on the top of the drain (Fig. 16), 




Fig. 16. — Connection. 
a, collar ; b, lateral ; Cy main ; d, cover to point. 

otherwise the irregnlar joints would form 
points of deposit for silt and sand, while 
Y branches bring the current from the 
lateral drain in at the bottom. In this 
manner the drainage system is more 
thoroughly scoured, and there is Hot as 
great a necessity for the use of silt-basins. 
When the joint is formed by the pick 
it is necessary to cover it with pieces of 
tile, tin, leather, or paper, and have com- 
pact clay packed around it. Reducers or 
increasers are used where the diameters 
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of pipes that are in a straight line are to 
be changed. 

62. Large Tile8.':-The tiles with large 
diameters are simply placed end to end, 
and to protect them from and prevent 
the earth from running in at the joint, 
the ends must come within at least a 
quarter of an inch of each other at the 
top, being beveled off with pick when it 
is necessary. All tiles in manufacturing 
dry more quickly at the top than at the 
bottom, and so are liable to be shorter 
on one side than on the other. This is 
particularly the case with large tiles. 
When laid in the ditch they may be held 
in their place, when it is necessary, by 
small atones. The joints, to prevent 
loose earth falling in when they are with- 
out a collar, may be covered by tin bent 
around the pipe, or scraps of leather. 
Grass, rope or paper may sometimes be 
used. With the former, it must not be 
too thick ; with the latter there must only 
be a small amount. Stiff cotton cloth is 
sometimes wrapped around the end of 
drain-pipes in the place of collars. Sub- 
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stances that decay are not as desirable 
around the joint as the terra-cotta collar, 
l>ecause the mould will eventually find its 
way into the drainage system. 

53. JPlanning or Mapping Drainage 

System, — Before laying the drains the 

:ground should be examined and the levels 




Fio. 17.— Map of Dbainagb Stbtbm. 

b, drains within the building ; c, drains outside 
of the building ; a, plane of building ; d, silt- 
basin connected with drain to outlet. 
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taken, the geological formation studied, 
and the outlet or point of sewer connec- 
tion fixed upon; then a careful map or 
plan should be drawn (Fig. 17), noting 
the direction and inclination of drains, 
curves, connections, silt-basins, and out- 
lets, as well as any peculiarity in the geo- 
logical formation. 

One set of drains of the smallest size is 
all that will be required on the building- 
site itself or beneath the foundation-walls, 
unless the building is very large, the 
ground of the most retentive character, 
or the building-site filled with springs. 

54. Height of Ground Water. — Fig. 
18 explains how the height of ground 




Fig. 18.— Ground Water Linb. 

a^ drains ; h, concrete ; c, foundation ; e, stone 
drains ; d highest point at which water stands. 
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water is lowered by drainage, the highest 
point being midway between the drains 
and the lowest point where the water en- 
ters the drain itself. 

Water, except in intercepting-drains, 
should enter from beneath, when it will 
be clear and free from obstructions, 
otherwise the drain will be filled with 
earth, sand, and silt. 

65. Depth of Tiles, — Josiah Parkes 
considers four feet the minimum depth at 
which drain-tiles should be placed below 
the surface. 

According to Prof. Mapes's rule, tiles 
put down three feet deep should be laid 
twenty feet apart, and the distance apart 
should be doubled lor every additional 
one foot in depth. Tiles laid four feet 
deep should be forty feet.apart ; five feet 
deep, eighty feet apart, and so on. 

The deeper the drain the more quickly 
the water runs into and through it, as it 
is acted on by the additional weight of 
water above. 

In draining for foundations, of course 
the depth of the foundation-walls and 
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cellar or basement floor must be taken 
into consideration. 

56, l^Ue Laying. — After laying out 
and staking the course of the ditches, the 
intended fall or inchnation must be 
gauged at the upper and lower ends of 
each straight section of drain -pipe. A 
board, nailed to two upright pieces which 
straddle the ditch and are driven into the 
ground to the proper depth, serves as a 
basis to measure from at any point on 
the line when a cord is stretched from 
one to the other, the cord giving the 
proper inclination at each point in the 
drain. The fall required for a line of tiles 
is much less than would be generally sup- 
posed. More than one foot in a hundred 
it is unnecessary to seek ; that much is 
desirable, and a greater inclination is not 
objectionable. Six inches is sufficient 
where the work is carefully executed. 

57. "Where the fall or grade is less than 
one foot in a hundred, or in case the 
foundation is bad, being in contact with 
quicksand or marshy ground, it is best to 
open the whole line of ditch, and com- 
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mence laying at the upper end, continu- 
ing it down -stream. When there is a fall 
of as much as one foot in one hundred 
feet, or a greater inclination, it will be 
best to adopt the English method of lay- 
ing the drains — that is, start at the lower 
or outlet end and lay them up-stream. 
By this method the workman neyer 
touches the bottom of the ditch, so the 
ground is in the best shape to receive the 
tiles. 

58. Drainage of the building site and 
grounds in the country is in fact agricul- 
tural drainage, carried on for the preser- 
vation of health ; in this case it would be 
wise to employ regular drainers. 

The tools named are English agricul- 
tural draining-tools, suitable for alluvial 
or peat soils, and the method described 
is the English manner of laying tile in 
soils which are easily worked. 

59. The tiling implements used are 
two ditching spades, one twenty inches 
long in the blade, six inches wide at the 
top, and four inches wide at the point ; 
the other a little shorter, foiu: and a half 



inches wide at the top and three inches 
at the point. These spades have steel 
points and must be kept sharp {a, d,) Fig, 




Fro. 19.— Tiling Tools. 

, large ditching-spade; b, narrow ditching- 
spade ; e, flat scoop ; d, cylindrical scoop \ 
e, tile-layer; /, picb-hatchel. 



Scoops, one with a Sat bottom and 
rectangnlar sides, four inches wide, and 
the handle so arranged that the work- 
man can step backward as he ases it (c). 

A bill-scoop, with the section of its bot- 
tom segmental, three inches wide, and 



57 



its handle- arranged in the same way as 
that of the flat scoop (c^, Fig, 19. 

The " tile-layer " is simply a short rod 
placed in a handle, and forming a right- 
angle projection from it, having near the 
handle a circular fender that will keep 
tile a proper distance from the handle (6), 
Fig, 19. 

60. English Method of TUelaying, — 
When a line has been stretched, the sod 
removed, and a narrow ditch dug to the 
depth of eighteen or twenty inches, and 
fifteen or sixteen feet long, then the wide 
ditching spade (a), FHg, 19, is used. It 
may be necessary to use a common pick 
in yery hard groTmd. 

Any loose earth that remains is scraped 
up by the flat-bottomed scoop ; the work- 
man steps backward, and when the scoop 
is full swings it out on the side and empties 
it. In this way a smooth bofctom is form- 
ed about three feet from the surface, on 
which the workman can stand. Taking 
the narrow spade, he commences at the 
lower end of the ditch and makes it about 
one foot deeper. The workman always 
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faces the point of commencement and 
works backward on the smooth bottom 
previously prepared. When the ditch 
has been dug to its desired depth the 
bill-scoop is used to clear it out and give 
the ditxih a cylindrical bottom. The 
workman is never less than a foot above 
the bottom, so it is in a much better con- 
dition than when the workman walks on 
the bottom of the ditch and scoops up 
earth with a spade formed for that pur- 
pose. 

Tile is laid in place by means of the 
tile- layer in the hand of a workman stand- 
ing on the surface astride the ditch. The 

collar is placed in position on the end of 
the tile before it is lowered into place. 

The free end of the tile is inserted into 
the collar of the tile that is already in posi- 
tion. When the pipe has been laid, then 
the part of the removed soil that has the 
most clay in it is thrown down carefully 
on the tile and tramped into place, leav- 
ing the collar of the tile last laid un- 
covered. The ditch is then filled and 
tramped or well pounded into place. An- 



59 

other section of fifteen or sixteen feet 
is then laid in the same manner. There 
is little danger of dirt or water entering 
the pipes, as such a small section of the 
ditch is open at one time ; but should 
there be a large amount of water in the 
soil, or a probability of rain, the end of 
the tile should he plugged to prevent the 
entrance of dirt. This method is graphi- 
cally described by Col. Geo. E. Waring, 
Jr., in his work "Drainage for Profit, and 
Drainage for Health." 

61. Obstructions, — ^Vermin, roots, and 
earth or silt cause obstruction in drains. 
Bats and field-mice can enter only 
through some opening, such as an outlet, 
silt-basin, or sewer-connection, all of 
which must be properly protected by 
gratings or screens. 

Boots sometimes enter pipes and fill 
the whole bore with their fibers. Accord- 
ing to Gisbome, roots do not, apparently, 
enter unless there is a perennial stream 
running through the pipes. When the 
line of tile passes by a tree, the joints 
may be filled with Portland cement and 
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sand; asphalt is said to preveot roots 
entering the drain. As tight joints af- 
fect the efScienc? of the drains, it may 
be neceaaary to sacrifice the tree by cnt- 
ting it down. 

62, Silt-basins. — Silt is earth that is 
carried in water by mechanical suspen- 
sion, and it would be deposited where im- 
, perfect joints in tiles or eddies oocnrred. 
Compact clay yields very little silt, quick- 
sand a great deal. The longer the sys- 
tem is in operation the less danger there 
is of silt. 



Fio. 20. — Bbiok Silt-Basin. 

(, stone slab; i, brick-work; e, drain-tile ; 
d, water; e, deposits. 
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Silt-basins are chambers making a 
break in the line of tile, with their bot- 
toms below the established grade, into 
which the water would flow and deposit 
its silt and sand or other particles of 
heavy foreign matter. A silt-basin may 
be small, made from a single 6-inch piece 
of terra- cotta pipe (Fig. 21) ; * or large, 
made in the form of a brick chamber, and 
holding many gallons (Fig. 20). 

They may break the connection in one 
line of drains, or they may form the cen- 
tral point for three or four lines (Fig. 
20;. 

63. They form a convenient manner of 
connecting the drains from the grounds 
and foundation-drains (the two might 
necessarily be at different level) with the 
same outlet. 

The pipe or brick-work is set on a flag- 
stone bottom, and carried to within a foot 
of the surface, and covered with a piece 
of stone, or carried to the surface and 
covered with an iron grating. 

64. Near the building where the earth 
has been disturbed, and where intercept- 



Fig. 31.— PiPB Silt-Basis. 

a, teiTB^cotta pipe ; 6, inlet; e, outlet; 
d, ii'on grating; e, stone. 

iDg drains enter and take the water from 
near or on the surface, there is liable to 
be more or leas dirt. In this case, and 
where there is quicksand, silt baaine may 
be found useful, although good anthori- 
ties think the; are not needed in agri- 
cnltoral work. 
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66, Springs. — Where springe occur on 
or near the building site, then the earth 
around them must be dug out and the 
space filled in with loose stone. A tile 
drain run through it must connect with 
the drainage, or by a proper trap with 
the sewerage system (Fig. 22), A sec- 
tion of terra^cotta pipe sis or eight inches 
in diameter may be placed in the open- 
ing, being surrounded by broken stone 



a. 23.— Speinq — Loo8b-8tonb Filung. 
For reference letters, see Fig. 33, 
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ftnd coTflred with a flat stone or tUe, and 
the eartli thrown in on top. The ten»- 
cotta pipe acts as a reservoir into which 
the water can collect (Fig. 23). 



— Spkisg— Tile Rbsbbvoib. 

a pipe; 



66. Outlets. — In the country the drains 
are conducted to a creek or some low 
point, from whence the water can run off 



from the building or into a natural water- 

The outlet may be formed by building 
a dwarf-wall of brick or stone, whioheTor 
ia cheapest or most convenient in the lo- 
cality, against the earth embankment, 
from which tbe outlet will project. A 
stone let into the wall, and baring an 
iron grating covering a hole cut in the 
center of it, serves as an outlet for the 
drainage system (Fig. 24). This grating 



a, coping ; b, stone outlet ; o, iron grating ; 

d, paving i e, brick wall ; /, earthenware 

outlet and grating. 



is necessary to prevent vermin entering 
the drain pipes, building nests, and thus 
choUng up the openings in the tile. 



66 

There is an earthenware grating manu- 
factured which fits into an earthenware 
pipe, that can be used instead of the 
outlet previously mentioned (Fig. 24—/). 
Where the water runs out on the ground, 
the surface must be paved with small 
stones, or a large, flat stone must be 
used to prevent the water wearing the 
earth away. 

67. /Sewer Connectujns. — A very im- 
portant feature, probably the most im- 
portant feature, in soil or subsoil drain- 
age, where the drains are beneath the 
building or are connected with walls in 
any way, is the manner of connecting 
the drains with a sewer. It is usu- 
ally a necessity in the city to have the 
drain-water find its way into the 
sewer ; but they must never be directly 
connected, as the sewer- air (so-called 
sewer-gas), with its organic or disease 
germs, would be drawn by the warm cur- 
rents of air directly into the house. The 
drain and the sewer should be trapped 
separately. These traps should not be 
connected, but have an open and venti- 
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lat«d cliamber between them. I Ulufl- 
trate four methods of making the con- 
nection with a sewer, two with mechani- 
cal valves, and two with water-seals only 
between the sewer and the drains. 

68. In drains where the flow of water 
is intermittent, whether it is cansed by 
the seasons or othervrise, the water in the 
trap would be liable to evaporate and 
leave the pipe open for the ingress of 
eewer-air. In a case of this kind it 



Fio. 25.— Valvb-Conskotion. 



ir ; 6, drain ; e, sewer ; d, valve and 
guard i e, brick- work ; /, cement lining ; 
g, flagstone. 



Beema proper, if at all, to nee a mechani- 
cal valve in connection with the water- 
seal. Mechanical valves are never to be 
implicitly relied on, sod the water-seal, 
onlesfi the fow is continuous, ehoold al- 
ways be between eighteen inches and two 
feet {Fig. 26) in depth. 



Fig. 36.— Valvb-Connbotion. 

), terra-cotta receptacle ; b, inlet from drain ; e, 
trap and outlet to sewer ; d, rubber ball 
witb guard; e, r^n-spout; /, frrating; g, 
bottom of concrete, cement top. 
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69. VcUve Connection, — ^A brick man- 
hole is sometimes built having its sides 
and bottom thoroughly plastered with 
Portland cement and sand, so none of the 
water will filter through into the soil. 
The water, unless frequently renewed, 
will disappear with sufficient rapidity by 
means of evaporation. The outlet from 
the manhole into the sewer should have 
a deep running trap (c, Fig. 26), so, in 
case th6 trap on the drain should become 
inoperative, then the running trap would 
be interposed between the sewer and the 
house, and it would also prevent sewer- 
air passing out at the grating into the 
yard or front parking. It is better to 
ventilate the sewer further from the 
house than these manholes are usually 
situated. Fig. 25 shows an outlet with 
a ball valve that is held against its seat 
by the pressure of the water. This ball 
must be light enough to float. Such 
valves are only useful as long as the 
water remains in the receptacle. Fig. 26 
represents a sewer connection formed in 
a large, glazed terra-cotta pipe. The top 
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is covered with an iron grating, the bot- 
tom filled with concrete and cemented, 
the inlet from the drain and the outlet to 
the sewer beftig manufactured of cast 
iron. The drain outlet runs down the 
side of large terra^sotta pipe^ and forms 
a return bend at the bottom. The valve 
seat should be of brass and brought to 
a knife edge. A hollow brass or copper 
ball would form a good valve. A joint 
with valve of this kind would usually re- 
main perfect, even after the water had 
evaporated. It is a good plan to run 
the rain-spout from the roof into these 
receptacles, as they help to keep the 
water-seals perfect. A trap of this kind 
without the return bend and ball valve 
would form an excellent double water- 
seal trap between the drain and sewer. 

70. Water-seal Connection, — Fig. 27 
represents a double water-seal trap, 
formed by sinking ten or twelve inch 
terra-cotta pipes with cement bottoms, 
and cutting the entrance for the drain 
into one and the exit for the sewer into 
the other. They must have an opening 



Fio, 37.— Watbe-Sb*l Cojojeotion. 

a, large pipe-trap for dnda ; A, trap for eewer; 
e, drain; d, aewer; e, cODnectionlxtweeii traps. 

between them above the outlet to the 
sewer. The pipes, both from the drain 
and the aewer, turn at right anglee and 
run down into the water to within four 
or five inches of the bottom of the terra- 
cotta pipe. In thie way both connec- 
tions are trapped and have an opening 
above for ventilation. In case the traps 
Bhould become unsealed, a current of air 
could flow from the sewer to the outer 
air, or from the outaide air into the 
drain. 

11. Sellyer'a ^'^ Triple Ventilating Trap^ 
being manufactured in one piece of earth- 
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I, forms a good diBConnecting trap 
between the drainage system and the sewer 
when the flow of water is contdnuoas. 
The seal being shallow and surface Urge, 
it would Boon be broken by eraporation. 
(Fig. 28.) 

A manhole built of brick, or a large 
piece of teira-cotta pipe, may be placed 



Fio. 38.— Double Trap in Onb Fibob. 

1, trap for dram; 6, trap for aewer; e, man- 
hole ; d, raiu-Bpout ; e, Tent between traps ; 
/, drain ; g, sewer ; A, open grating for 
drain-trap ; t', open grating for sewer-trap. 
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around this trap, and so connect it with 
the surface. 

The construction of this trap is fully 
explained by the illustration (Fig. 28). 
It is advisable, where the rainfall and the 
flow of the subsoil water are uncertain, to 
have a driblet from the water supply, or 
a waste pipe from which only clean water 
would run, to empty into the trap and 
keep the water seal intact. 

m. 

FOUNDATION-WALLS. 

72. Selection of Site. — ^Whether the 
building shall be placed on the top of 
the hill, on' the side or slope, or in a val- 
ley, is often more a mattfer of necessity 
than of choice. The side of the hill is 
usually to be preferred. Hill tops are 
liable to be of a rocky formation, and to 
have sheets of water held in place 
beneath the soil, while valleys are gene- 
rally the seat of water-courses. 

When in doubt as to the character of 
the ground, it is best to sink wells, or 
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make borings in different parts of the 
building site, from which the architect 
will be able to judge the character of the 
substrata, as well as the way in which 
they incline. 

73. There is generally a choice pos- 
sible in the location of the building, a few 
inches difference in depfch, or a few feet 
from a ledge, may constitute the differ- 
ence between a wet and a dry cellar. In 
some cases the house may be with advan- 
tage placed above the ground and ter- 
raced. When it is impossible to remedy 
the evil by a choice in position, then it 
becomes necessary to drain, or take some 
of the precautions which are to be de- 
scribed, or- to combine drainage with 
some one of these methods. Water, 
ground-air, and with it probably organic 
germs, may enter the building through 
the foundation- wall from the side, through 
the footing courses by capillary attrac- 
tion, or directly through the cellar floor 
from beneath. 

74: Absorption of Moisture. — Brick 
and stone work, according to their char- 
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acter and quality, absorb more or less 
water. The greater the air-spaces which 
are between the impervious grains of all 
building brick or stone, the more water 
can be held in suspension. According to 
data given by Mr. Eassie, a cubic foot of 
common brickwork will absorb about ten 
pints, sandstone about eight pints, and 
granite a Httle less than three pints of 
water. • 

Edward Cresy, in the Encyclopedia of 
Engineering, gives an extended account 
of the capacity of different English 
stones for absorbing water. 

75. Gilmore^a Experiments. — From 
the interesting experiments of Col. Q. A. 
Gilmore, on the absorption of moisture 
by building-stones in the United States, 
I take the following information. 

Granite absorbed from 0, or unnotice- 
able quantities, to about a pint in a cubic 
foot. Its capacity for absorption varied 
according to quarry or the quality of the 
stone. Gneiss absorbed about as much 
as the poorer quahties of granite. 

76. Limestone absorbed from two to 
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six pints in each cubic foot in most in- 
stances, although the best marbles ab- 
sorbed less than a pint. Sandstones 
were found to 'absorb from about three 
to eight^and a-half pints. Brown sand- 
stones from New York and Connecticut 
absorbed about four pints, while the 
drab stones from Ohio take fiye or six 
pints. 

77. The porosity of bricks from the 
same kiln, or stones from the same 
quarry, will vary greatly from each other. 
Where capillary attraction takes place in 
a comparatively dense material, it rises to 
a much*greater height than in one which 
is very porous, as evaporation takes 
place morejquickly in the latter instance. 
An open sandstone will be dry three feet 
above the level of complete saturation, 
while according to Eassie, dampness has 
been traced in a brick wall to the height 
of thirty-two feet. Materials which are 
permeable to water also allow air to pass 
through them in a greater or less degree. 
In this way, while protecting the build- 
ing from water, ground-air is also being 
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excluded. Moisture which condenses on 
a cold wall, must not be mistaken for 
that which soaks through the wall. 
Thick and solid walls take so long to be- 
come warm that the moisture in the 
warm air of the house condenses on the 
surface. This usually evaporates quick- 
ly, but may be prevented by means of 
studding (Fig. 45), furring (Fig. 38 c) or 
hollow walls (Fig. 37 b). 

78. Animalculce. — The recent dis- 
covers of "rod-like animalculae of the 
genits bacilli,*^ in brickwork, by Mr. W. 
W. Goodrich,* and the discovery of simi- 
lar germs by M. Parize,* in a different 
locality, make it the more important that 
impervious and solid material should 
be used in the construction of founda- 
tion-walls. 

79. Homan Walls. — The Romans, 
whom no nations have surpassed in 
great constructions for convenience and 
comfort, if not for health, gave attention 
to proper methods of keeping their 
foundation-walls dry. 

* The American Architect and Building News, August 
4 and October 27, 1888. 
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Vitruvius,t writing about 26 B. C, 
says, in relation to the treatment of walls 
in a damp position: '* First in apart- 
ments on a ground floor, a height of 
three feet above the pavement is to 
have its first coat of potsherd instead 
of sand, so that this part of the plaster- 
ing may not be injured by the damp. 
Bat if a wall is liable to continual moist- 
ure, another thin wall should be carried 
up inside of it, as far within as the case 
will admit ; and between the two walls 
a cavity is to be left lower than the level 
of the floor of the apartment, with open- 
ings for the air at the upper part ; also 
openings must be left at the bottom, 
for if the damp does not evaporate 
through these holes above and below, it 
will extend to the new work. The work 
is then to be plastered with the potsherd 
mortar, made smooth and then polished 
with the last coat. If, however, there be 
not space enough for another wall, chan- 
nels should nevertheless be made and 

t Architecture of Vitruvius. Enfrlish translation by 
Gwllt, 1860. 
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holes therefrom to the open air. Then 
tiles of the size of two feet are placed on 
one side of the channel, and on the other 
side piers are built of eight-inch bricks, 
on which the angles of two tiles may lie 
that they may not be distant more than 
one palm from each other. Over them 
other tiles with returning edges are fixed 
upright from the bottom to the top of 
the wall, the inner surface being care- 
fully pitched over that they may resist 
the moisture ; they are to have air-holes 
at the bottom and top above the vault. 
They are then to be whited over with 
lime and water, that the first coat may 
adhere to them, for, from the dryness 
they acquire in burning, they would 
neither take nor sustain this coat, but 
for the lime thus interposed, which joins 
and unites them.'* 

Fig. 29 explains the manner of placing 
tile against the wall. This illustration, 
which is taken, from Perrault's* French 

* Les dix Architecture de Vitruve corrigez et trad- 
nits nouvelleineiits en Francois avec des I^otes etdes 
Figures— Par. M. Perrault, a Paris, 1684. 



Fio. 39.— Roman Wau. WITH Damp-Pboof Tilb. 

a, Tile wiUi returns; b, wall ; c, drain ; d, brick 
piers, with openings for ventilation be- 
tween ; e, plain tile; J', gutter in drain, 

tranelatioQ of Vitnivius, published in 
1681, IB republished, I think, for the 
first time. As the original illustrations 
of Vitruvius were lost, this shows Per- 
raulte interpretation of the text. 

80. Finindation in Moman Camp. — 
According to YioUet Le Due, the Romans 
observed great care in constructing their 
camps on hygienic principles, and where 



the wall came against the side of a hill, 
KB at the camp of the villa of Adrian at 
Tivoli, the walla were made] double to 
avoid ttie dampness. Fig. 30 (after 



Fig. 30.— Wall and Focndation, BomanCamp. 

a, Concealed area or drda; e, entrance; e, roof- 
Bupport. 

Viollet Le Due) is a view of a wall be- 
longing to a Roman camp, in which a 
concealed area or intercepting drain ia 
shown on the outside of the foundation- 
walL VitruviuB tells us that following 



the Greeks the Bomana built wails in 
(Iiree sections, the outside and inside 
walls beiog laid in large pieces and regu- 
lar courses, and the space between was 
filled with either small stones thrown in 
loosely (when they would act as an in- 
tercepting drain), or the small stones 
were grouted with mortar, of which the 



RoHAK Walls. 




-bound tie ; b, outside i e. Loose 
d, inside. 



precise nature is not given. The outer 
walls were tied together by means of 
charred pieces of olive wood, or by bond 
stones in single pieces (diaTovoi), run- 
ning from one side to the other through 
the thickness of the wall (a Fig. 31). The 
latter method was borrowed from the 
Greeks. Sometimes iron clamps, "run 
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with lead and duly preserving the mid- 
dle space or cavity,'* v^ere used to tie the 
interior and exterior vralls together. 

81. Modern TFa//«. — "Whether it is 
advisable to build the wall of brick or 
stone, or whether the stone to be used 
is pervious or impervious, depends gene- 
rally on the locality, as the material that 
is the most convenient and the cheapest 
is generally selected. 

82. Stone Formation. — Hard, imper- 
vious stone makes the best foundation 
from a sanitary point of view. The for- 
mation of building stones is an interest- 
ing topic, to which but little space can 
be allowed in the present work. Geikie, 
in his recent work on mineralogy, ' gives 
an extended account of stone forma- 
tions. 

The earth's crust is composed of a few 
dominant substances or compounds. 
Oxygen forms about the half of all rocks. 
The most important compound is silicon 
dioxide or silica (Si 02), which composes 
more than half the known surface or 
crust of the earth, forming, as it does. 
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most crystals and fragmental rocks. 
Silicic acid combines with earthy alkaline 
and metallic bases, and in this manner 
forms the different silicate salts. Cal- 
cium, principally in the form of carbon- 
ates of lime, alumina, magnesia, and 
iron (forming the principal natural pig- 
ment), with other substances, enter into 
the composition of building stones. Sil- 
icic, carbonic and sulphuric acids are the 
acids generally found in nature com- 
bined with the different bases, forming 
the silicates, carbonates and sulphates. 

83. Limestone, usually calcium carbon- 
ate, ranges from a dirty grayish white 
stone to the finest marble. It is com-' 
posed of granules more or less compact, 
and will absorb water freely. Marble 
and sandstones stand from 1000° to 1200° 
of heat before they yield, while granite 
only stands from 700° to 1000°. 

84. Clay slates, being formed in lay- 
ers, have cleavage, through the seams of 
which water would pass, although the 
openings might not be visible to the 
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naked eye ; otherwise the stones are 
practicably impervious. 

85. GneisSy of which there are large 
deposits in this country, differs from 
granite principally in the foliation of the 
minerals — weak spots through which 
moisture may pass. Gneiss is composed 
of orthoclase, quartz and mica. The 
variation in this combination is great, 
and it is very difficult at times to dis- 
tinguish it from granite. 

86. Quartz Rocks differ from sand- 
stone, in havisg the interstices between 
the grains of sand filled with a siliceous 
cementing material instead of having 
them open or filled with air. It makes 
a very compact foundation-stone. 

87. Granite is a thorough admixture of 
felspar, mica and quartz, in granular and 
uniform sizes. According to Geikie, the 
quartz crystals in granite are filled with 
some liquid. This liquid, when subjected 
to a great heat, expands and bursts off 
fragments of the stone. In this way I 
have seen large granite piers completely 
destroyed. 
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88. Sandstone is generally composed 
of quartz grains, held together by some 
cementing material. These rocks are 
full of pores and interstices, from which 
the decomposable material has been 
taken away in solution, probably in the 
form of mud. Iron, in its different de- 
grees of oxidation or hydration, colors 
sandstone red, brown, green or yellow. 
Sandstone is quarried in Connecticut, 
New York, Pennsylvania, Ohio, Virginia, 
and other parts of this country, and is 
used to a greater extent in this country, 
for a building-stone than any other kind. 
It is absorbent, and needs protection 
where it is used as a foundation in a 
damp location. 

89. Shale is a hardened argillaceous 
rock, and varies on the one hand from 
clays that merge into slates , on the 
other from flagstones it merges into 
sandstones and limestones. In its best 
forms it is water proof. 

90. Tests. — Stones may be tested for 
cracks or fissures by striking them with 
a hammer, when the clear ring of the 
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perfect stone can be easily distinguished 
from the dull thud of the cracked stones. 
All cracks should be avoided, as they 
form passage-ways through which the 
moisture can enter. 

91. Stone Walls. — ^The weak points in 
a stone wall are the joints and imperfect 
stones. If laid dry, or with the joints 
pointed only on the inside face, where 
they would be seen, the water would 
eventually wash the joints out, and the 
spring rains would fill the cellar of the 
building. Every stone should be well 
and solidly bedded in the mortar. 

A common but objectionable method 
is that of hollowing out the side of the 
excavation so as to receive the large 
stones, "when it would take the mason a 
little longer, or give him a little addition- 
al trouble to break the stone so as to 
make it of the proper size. 

The projecting stones (Fig. 32 b) would 
catch all the water running down the 
side of the wall, and thence it would find 
its way through the joint to the inside 
of the house. The proper manner of 



Fig. 33. — Imperfbot Stonb ForBDiTioN-WAii. 

a, Wall ; b, projecting stone ; e, stone footing ; 

d, brick pavement- 
building this kind of wall is to make the 
excavatioQ eight or ten inches larger 
than is required for the foundation walls. 
After the wall is built the space should 
be filled to within a short distance of the 
surface with small broken stone or bricks. 



Pig. 33.— PROPBBLr-CoNSTBCOTBD Stone Wall, 
■a. Plaster ; b, wall ; c, coDcrete ; d, asphalt- 
maslic; e, broken-aloDe footing; /, Inter- 
cepting space filled with small or broken 



When treated in this way the space acts 
as an intercepting drain and catches 
the water from the subsoil and the sor* 



face, conveyiDg it before it cornea in con- 
tact with the wall into the drain beneath 
or on the onteide of the footing.' (Fig. 
33.) 



Fig. 34. — Weathered Joint. 
fl, Wall ; 6, joint with downward inclinatioD. 

92. Weather Joints. — The outside face 
of the joint should always be beveled or 
weathered, i. e., the point of the trowel 
must be run along the joint so as to give 
it a downward inclination of not less 
than 45° (Fig. 34). In this way all water 
that runs down on the face of the wall, 
instead of being impeded and soaking 
into the joint, will continue its course 
down to the drain and do no damage. 
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Where the stones composisg the wall are 
impervious, a foundation of this kind 
will be found all that is needed, except 
in rare cases. Where the stones are 
absorbent, the walls must be protected 
in the manner brick walls are treated. 

93. Mortars. — The combination of ma- 
terials in which either stones or bricks 
are laid, or by which they are cemented 
together, forms an important item in a 
foundation wall. Mortar is a silicate of 
lime caused by the action of lime and 
sand under the influence of moisture. 

« 

This acts slowly and gets harder year after 
year. 

Lime mortar should never be used be- 
low ground, unless it is made from lime 
with hydraulic qualities. 

Cement to an amount at least equal in 
bulk to the lime should be mixed with 
the mortar. A better or stronger mor- 
tar is made by having twice as much ce- 
ment as there is lime. A pure cement 
mortar, no lime being used, is made by 
mixing one-third of cement and two 
thirds of sand. 
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94. Lime, — The quality of the lime is 
an important factor in making good mor- 
tar. Lime in powder, or in lumps that 
will not slake, is damaged. Lime that 
slakes quickly and leaves a hard core is 
underbumt, and when allowed to remain 
will swell in the wall and throw off the 
pointing or open the joint. Overbumt 
lime remains unslaked for a long time, 
and even when ground up slakes slowly. 
Lime is worthless in any one of the 
conditions named. Good lime slakes en- 
ergetically, but never hardens imder 
water. Plaster of Paris, which is of such 
service to the French builder, is sulphate 
of lime. 

95. Hydraulic Limes — climes that set 
under water — are burned in the form of 
a dingy-colored lime, that slakes slowly 
after being ground up, and is called 
"ground lime." There is a black hydrau- 
lic lime, which slakes quickly, and is 
made from a pink marble. Mortar made 
from hydraulic limes may be used in 
foundation-walls. 

96. Sand should be clean and sharp — 
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a. 6., prickly to the touch, and should 
leave no stain when compressed tightly 
in the hand. 

97. Manner of Making Mortar, — A 
pen, with sides and bottom of boards, 
must be made to keep the mortar from 
the dirt. The lime is slaked in the pen 
by pouring in a barrel and a half of water 
to a barrel of lump lime. Water must 
not or should not be thrown in in drib- 
lets, as the partially slaked parts are thus 
chilled and form into lumps. The 
best plan is to measure it in, and pour it 
from a large cask ; when done in any 
other way it is easy to get the lime paste 
either too thick or too thin. The pen 
may then be covered and left, as the va- 
por will cause the lime to slake more 
thoroughly than if it were left open, and 
it is advisable to let the paste stand as 
long as possible before it is mixed with 
the sand. Add to this paste, if the 
lime is good, two parts of sand to one 
part of lime paste. Lime mortar will 
stand for weeks (the majority of engi- 
neers think it is better for so standing) 
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Fig. 85. — Foundation in Mabbht Grodnd, 

[, 'Wftll; S, cement-plaater ; e, Terracotta guards ; d, 8Ued;,«, 
waler-inlet ; /, broken.Btone filling; y, aspb alt- coating mA 
damp-proof course ; A, concrete; (, footiog-atone ; %, ties- 
' lilcB; m, drain-tile; n, planking; 0, marahj ground. 
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withoufc Betting, but it will get hard in a 
few hours after the addition of cement. 
A limited number of tests for cement 
will be given in connection with the de- 
scription of concrete for footings. 

98. A Foundation in Marshy Ground, 
— Where a marsh is of any depth, it is 
necessary, in the first place, to drive piles 
down until they rest upon or are driven 
into a soHd or compact stratum, the 
heads of the piles being held in position 
by cross planks spiked or bolted to them. 
The whole should then be floored over 
with plank three or four inches thick 
(Fig. 31). Across this flooring, and over 
the line of piles, long footing stones 
may be placed. The wall, with its usual 
footing, is built above this course of stone. 
On the top of the first course of stone, 
and at least a foot above the flooring or 
woodwork, a line of two or three-inch drain 
tile is placed against the footings both 
inside and outside of the wall. Against 
the face of the wall on the outside i » 
shaped terra-cotta pieces are so arranged 
as to make, practically, a hollow wall. It 
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is necessary to have openings in these 
terra-cotta tiles or guards (Fig. 35 e). 
Any water that passes through the open 
stone or intercepting drain will pass 
through the openings left for the pur- 
pose, down the side of the guards, into 
and off through the drain. These drains 
will keep the water below the cellar bot- 
tom, at the same time maintaining the 
water-level at least a foot above the 
wooden portion of the foundation. Wood 
submerged in water, the air never being 
allowed to come in contact with it, is 
practically imperishable. 

A vitrified terra-cotta or stoneware 
shed is built into the wall above the 
guards to prevent water running down 
the side of the wall. The cellar bottom 
should then be covered with boards, if 
the marshy character of the ground 
makes it necessary, filled eight or ten 
inches with broken stone, and concreted 
above. The concrete should be coated 
with asphalt, and the asphalt should be 
carried up the inside face of the wall, 
over a coating of cement plastered over 
the stone to make an even surface. 
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99. Footings, — After the trenches^have 
been excavated six or eight inches 
wider, inside and outside the building, 
than the wall above, and a solid bottom 
has been reached a foot or eighteen 
inches below the cellar floor, then the 
footing or first course or courses of 
the foundation wall are laid in these 
trenches. 

The footings may be made from large 
stone selected for the purpose, long and 
wide, (Fig. 31c) or courses of brick are laid 
wider than the wall above, the number of 
courses and the width varying according 
to the superimposed structure (Fig 38). 
The course of brick in the bottom of the 
trenches being the widest, each course 
above is narrower for from five to eight 
courses, until the width of the wall is 
reached. The footing may be made by 
filling the trench with broken stone, 
rammed dry into place (Fig. 33e). The 
broken stone, in this case, forms an ex- 
cellent drain encircling the building be- 
neath the foundation walls. When there 
is a possibility of water collecting to a 
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noticeable extent, these footings should 
have an outlet through either a stone or 
a tile drain to some low point, or should 
be connected with the sewer, as described 
in paragraphs 67-71. 

From fear of settlements, some archi- 
tects prefer to put their stone or con- 
crete footings directly upon the solid 
bottom, and have the drain formed of 
broken stone or tile on the side instead of 
beneath the footing (Fig. 36^). Footing- 
stones, unless they are intended to act as 
drains, should be impervious, of good 
material, and have even beds. The 
trench should be hollowed out to receive 
any inequaJites. If the stone does not 
set firmly it should be rammed down to 
a solid bearing, or, as Prof. T. M. Clark 
advises, sand may be packed around it, 
and when buckets of water are thrown 
on the sand it will be carried under the 
stone and fill all the crevices, and thus 
give the stone a solid bearing. Foot- 
ings may be bedded solid in a thick layer 
of soft mortar with excellent effect. 

On made or other ground, where the 
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natural foundation is poor, concrete foot- 
ings may be put in extending over a 
large enough surface to carry the weight 
which is to be imposed.* Very little 
dampness will pass through good con- 
crete foundations, Portland cement being 
practically impervious. And it is a good 
practice to make the footings and cellar 
bottom one continuous piece of concrete. 
<Pig. 43—^.) 

100. Cenient. — The quality of cement 
is the most important item in making 
concrete for footings or cellar floors, or 
in making mortar for jointing or plaster- 
ing the face of the wall. 

The architect has generally to rely on 
well known and reputable brands. Care 
must be taken to see that they have not 
been spoiled by water or dampness. 

* Loads that may be safely imposed on dif- lbs. 
ferent natural foundations per sq. ft. 

Solid rock, from 10,000 to 40,000 

Coarse sand, gravel, and clay, which 
must not be subjected to currents of 
running water 4,000 " 6,000 

Piles, in made ground supported by fric- 
tion 8,600 " 4,000 

Piles, passing through made ground and 

solid ground 8,000 " 10,000 

Piles, in solid ground 80,000 "140,000 
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Cements and hydraulic limes are com- 
pounds (natural or artificial) of lime and 
other substances, chiefly alumina, which 
enables it to set harder and more rapidly 
under water than in its unmixed state* 
Natural cements are found in different 
parts of the country, and only need to 
be burned and pulverized, when they are 
ready for use. Artificial or Portland ce- 
ment (so named because its color is simi- 
lar to an English Portland stone), the 
strongest and best damp-proof cement, 
is prepared from a patented carbonate 
combined with chalk and limes. 

To test cement in a rough way, as Pro- 
fessor Clark suggests, mix it with water 
and make small cakes, which are put 
away to dry until they are so dry that a 
small square' stick, weighted by a brick, 
will make only a slight impression upon 
it. These cakes are immersed in water, 
and another set is made and left in the 
air. 

101. After a lapse of twenty-four 
hours the piece left in the air should be 
hard, and should break with a clean frac- 
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ture instead of crumbling, while the 
cake left in the water should retain its 
shape and have increased in firmness. 
Machines are sometimes used for testing 
cement, the Government and private 
civil engineers making use of them in 
large works. Such machines are found 
necessary in order to prevent fraud and 
accidents in important works. For a de- 
cription of these machines see Abbott's 
"■[^lesting Machines" in the Science 
Series. 

102. Concrete, — ^For making concrete, 
the cement is mixed with two parts of 
clean, sharp sand, imtil neither a lump of 
cement nor patches of sand can be seen 
in the mass. 

The mortar is called the matrix, while 
the broken stone or brick, gravel, bits of 
burnt clay, iron slag, or breeze, is called 
the aggregate. Enough water is mixed 
with the sand and cement to give it a 
pudding-like consistency. The aggregate 
must be wetted to wash oflf the light 
dust that might settle on it and prevent 
the matrix from adhering. In some in- 
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stances the materials are mixed together 
separately and in a dry state, and then 
the whole mass is sprinkled with water. 

When mixed in the proportion of one 
of cement, two of sand, five 6f broken 
stone or ballast, the concrete is wheeled 
to the desired point, and dumped from 
the height of two or three feet and 
quickly rammed. 

103. Laying Concrete. — It is a mis- 
taken idea that concrete should be thrown 
from an elevation of ten or twelve feet, 
as the large and heavy stones reach the 
bed first and the small ones remain at 
the top. 

Concrete should never be laid more 
than twelve inches thick in one layer. 
When the first laver has hardened, it 
must be brushed oflf clean, wetted, and 
roughed up with a pick, when the second 
layer may be added. When laid in water, 
concrete can be laid in coarse cotton 
bags ; the bags remain. Or, it may be 
deposited through shoots. 

104. Forous Stone Walls.— ¥ig&, 36 
and 37 illustrate methods of treating 
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poroue stone wails. Pig. 36 ehowB the oat- 
side faced witji brick laid in asphalt ; the 
asphalt continues through the wall, and 
forms a damp-proof course, while |the 
cellar floor is paved with btick laid in 
asphalt. 



Fio. 36.— Pobods-Stonk Walls. 

o Biick laid in aapbalt ; c. wall ; b, plaster ; 
QUing ; e, drain ; /, footing ; g, asphalt. 
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Fig. 37 ■ ehowe a double wall, in wMch 
the interidr wall is built of brick. An 
air-space between the two walls prevents 
dampness from passing into the rooms. 



Fio. 87.— Double Wall. 

a. Stone wall ; b, brick wall ; e, joUt ; d, pro- 
jecting under-pinniDg ; e, iron tie. 

Tbe underpinning, or part of the 
fonndatdon-w/ill which is above ground, 
should overhang the wall below, so that 
water which trickles down the face of the 
wall, instead of continuing its course 
along the wall will run ofT into the earth 
or loose filling next to the foundation. 
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The manner of treating brick walls will 
answer equally well for stone walls that 
would absorb water. 

BBIGE FOUNDATION-WALLS. 

105. Brick, — Brick is used, I think, 
more extensively than stone for the pur- 
pose of building foundation-walls, and 
being porous, it readily absorbs moisture 
through its footings, or from the outside 
where it comes in contact with the earth. 
Bricks are usually found in three condi- 
tions as to hardness. Arch brick, as they 
form the arch in the kiln, come in direct 
contact with fire. These brick are hard, 
generally slightly vitrified or glazed, but 
they are usually distorted. When well 
shaped these arch bricks make the best 
foundations. The bricks farthest from 
the fire (Salmon) are imperfectly burned, 
and are worthless for foundations, as 
they absorb water and disintegrate easily. 
The mediimi bricks may be used when 
they are well burned. 

106. Brick Clays, — There are three 
classes, although they verge from one 
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into the other, of brick earths or clays. 
(1) Earths, consisting of silica and alu- 
mina chiefly, with a small percentage of 
iron (hydrated oxide), lime, magnesia, 
manganese, etc. (2) Loams or sandy 
clays. (3) Marls or earths in which 
there is a considerable portion of lime. 
Where there is too much alumina, sand 
must be added, while loamy earth may 
need the addition of lime to act as a flux. 
The color of brick varies from the 
amount, degree of oxidation, or combina- 
tion of the iron with other substances 
formed in the brick, and is therefore no 
criterion by which we can judge the 
quality of all brick. It is possible, when 
the character and color of brick (made 
from clay in a known locality) is familiar 
to the architect, for him to judge of their 
quality. Usually in this country light 
red or " salmon bricks " are inferior and 
imfit for foundations; dark red bricks 
are good and may be used in founda- 
tions, while bluish or greenish bricks are 
vitrified, and, if properly shaped, make 
the best foundations. Two bricks, when 
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struck together, should have a clear ring, 
as a dull thud indicates either cracks or 
a want of proper adherence in the par- 
ticles composing the bricks. 

107. Tempering, — ^All clays should be 
" tempered " — that is, thoroughly mixed 
— and should go through a process of 
kneading similar to what they undergo 
in the pug-mill before being molded. 

Where bricks are compressed by ma- 
chinery, by great power, from clay in a 
dry or nearly dry state, they seem to dis- 
integrate when exposed to the action of 
frost, and are not suitable for foundci- 
tions. 

108. The Common Brick Founda- 
tion. — The general manner of building 
brick foundations is very imperfect, as 
there must positively be no water or 
dampness in the ground beneath the sur- 
face, or it will show itself in the house. 
The excavation is made large enough, 
and only large enough, to receive the 
building, the soil in some cases being 
hollowed out to receive the footing, while 
the wall is built directly against the side 
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of the ezcavation. Just above the sur- 
face of the ground a double course of 
slate is introduced, the slate lapping 
over the joints in the course beneath it. 
This damp-proof course only protects the 
wall above the ground from dampness 
that would rise into it by capillary at- 
traction. The plaster is prevented from 
showing dampness by furring the wall. 
Strips one by two inches or two by three 
inches are nailed to the wall at intervals 
of twelve or sixteen inches. On these 
strips the lathing and plastering are done, 
and an air-space left between the plaster 
and the wall (Fig. 38). These furring 
strips furnish flues and fuel for the 
flames and are the causes of many 

« 

fires. 

Wood in contact with a damp wall will 
soon decay, and, at best, a thin coat of 
plaster is but a poor protection against 
damp air carrying small particles of de- 
cayed vegetable matter suspended in it. 

The cellar floor is covered with a coat 
of concrete one inch thick; on this is 
placed strips of cypress or white pine 



Fie. 38.— CouMosoi 

a, Slate damp-proof course ; 5, brick wall j e, 

furring strip ; «, flooring ; /, concrete ; 

g, floor joiats. 

two incheB thick and three mches wide. 
The space between them is filled with a 
maetic composed of sand and pitch, the 
pitch being generally used instead of 
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asphalt. The whole is rolled to an even 
surface, and the tongued and grooved 
flooring boards are nailed hard down 
against the mastic, or concrete, as it is 
called. 

A covering of this kind is too thin to 
be of much value in protecting the 
building from moisture or ground-air. 

109. A Good Brick Foundation. — 
To prevent the dampness and ground- 
air from entering Our buildings, the foot- 
ings may be made of broken stone, as 
described for stone- work, and the space 
next the wall, or between the wall and 
the embankment, should be filled, as 
mentioned before, with broken stone or 
small stones (Fig. 39). Where the flow of 
water is great, the stone-drain may be 
aided by running a line of small drain- 
tile in the stone- work, about an inch in- 
side diameter. Authorities are divided 
in opinion in reference to the stability of 
broken stone beneath the foundation- 
wall. Where the natural foundation is 
good, I think there can be no doubt of 
its safety and utility. Where the natural 



Fio. 88.— Good Bbiok Foundation, 

a, Sheet-lead damp-prool course; b, plaster; 
e, asphalt coat ; d, broken or smEtll-atone 
filling; e, broken-Stone footings; g, tile- 
drainage ; h, concrete. 

foundation is bad or the weight of the 
superstructure e:reat, then large atones 
or concrete must be used, as described in 
other parts of this work. 

The wall above the footing-course and 
the surface of the cellar bottom is pro- 
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tected by a coating of asphalt, forming, 
as it does, a continuoas coating from the 
surface of the ground along the face of 
and through the wall, and over the cellar 
floor. 

110. Hollow Walls, — One of the sim- 
plest, and, at the same time, one of the 
most eflfective methods of protecting the 
interior of the building from dampness, 
is to build the foundation-walls hollow or 
with an air space between them. 

A hollow wall is, in fact, two walls 
built up separately, with an air-space not 
less than three inches wide between 
them. 

When less than three inches, this space 
is liable to be clogged up by droppings 
of mortar, from the wall above. Mr. E. 
S. Philbrick finds a 4-inch space neces- 
sary,and openings left at the bottom to 
clean out the droppings. 

The two walls must be tied or bound 
together, to prevent a tendency they 
would have to spread out or double up 
from the weight of the wall above ; for 
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this purpose different forms of iron and 
brick ties are used. 

111. Different Iron 2V€«.— The sim- 
plest iron tie is made by bending a 
wrought-iron bar a quarter of an inch 
thick two inches from each end (Fig. 40). 
When placed in the wall flat any water 
from the outside is liable to run along 
the top of the iron and into the inside 
wall. When the tie is placed on edge 
the possibility of water passing from 
one wall to the other is diminished by 
the difference between the breadth and 
thickness of the tie. 

Iron ties are sometimes twisted or 
bent in the form of a U or V where they 
span the open space between the walls, 
so that any water from the outside would 
drop off in the hollow space between the 
walls. 

Instead of simply bending the ends of 
the ties, plates may be bolted or riveted 
to them. In this way a larger surface 
of brick work is brought within the in- 
fluence of the tie. The plates may be 
made ornamental where they show, either 



FlO' 40.— DiFFBRBNT IrOH TiBS. 

I, Inside wall ; d, outside wall ; b, broken-stone foot* 
ing ; e, tile-drain ; e, plain tie (flat) ; /, plain tie, on 
edge ; g, twisted tie ; h, V-ehaped lie ; i, plate ends ; 
A, tie ninaiDg ttirough the wall ; I, Inclined tie ; m, 
stone damp-prool course ; n, aapball coating and 
damp-proof course 
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from necessity or design, on the outside 
of the waU (Fig. 40). 

112. I^reservation of Ties. — ^To pre- 
vent the iron from being destroyed by 
oxidation, it must be coated with paint, 
red-lead being the best, pitch, asphalt, 
or zinc (galvanized). Pitched or galvan- 
ized ties are the most commonly used. 

Ties treated by the Bower-Barflf proc- 
ess would be well protected, but I am 
not familiar with the cost of this proc- 
ess. 

In ordinary cases ties should be put in 
every sixth course, and between two and 
three feet apart. Instead of placing the 
ties above each other in the different 
rows, they should ^e so placed as to 
bring the tie in one row midway between 
the ties in the rows above and below it. 
Where walls are to be subjected to the 
jarring effects of railroads or machinery, 
the number of ties should be increased, 
being put in every three or four courses, 
and every eighteen inches to two feet 
apart. 

113. Brick Ties, — Common brick, and 



Pio. 41.— Briok Tk8. 
<», Wall ; b and e, common bricliB ; d, curved brick ; «, 
wedge-shaped brick witli holes in center; /, same, 
running only partly through the wall ; g, footing j A, 
concrete ; i, damp-proof course of terra-cotta. 
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brick molded for the purpose, are used 
for tying hollow walls together. Even 
when common bricks are coated with an 
impervious material, such as gas-tar, 
pitch or asphalt, and it is prevented from 
conveying water by capillary attraction, 
nevertheless water will pass along the 
surface from one wall to the other. 

114. A brick adapted to the purpose 
was designed by Jennings, of England. 
These bricks are designed so as to pro- 
ject from the outside of one wall to the 
inside of the other, or so as to reach 
only within four inches of the face of 
each wall, and thus not to interfere with 
the bond on the outside . 

The ends are wedge-shaped, which 
gives them a better hold on the wall, and 
they have holes in the center through 
which the greater part of the water 
would trickle into the hollow space be- 
low (Fig. 41— c). 

The best brick tie was designed by the 
same party ; it is so shaped that the in- 
side is one or two courses higher than 
the outside end. By this form water is 
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prevented from passing along the top of 
the brick (Fig. 41 — c?). All such bricks 
should be made from vitrified or glazed 
terra-cotta or stoneware. 

115. Thickness of Hollow Walls. — 
The two walls composing a hollow wall 
may be of equal thickness, when it will 
give the most substantial foundation. 

The inside wall may be thicker than 
the outside when the smaller amount of 
brick-work will be exposed to dampness, 
or the thick wall may be built on the out- 
side, with no advantage unless the whole 
lot is to be utilized in the building above 
the foundation (Fig. 37). 

11 6, Dwarf' Wall, — A hollow wall is 
sometimes made by building a small 
dwarf- wall three or four inches from the 
main wall, with bricks projecting at 
regullar intervals and resting against the 
main wall. The projecting bricks on one 
side, and the filHng packed on the other ^ 
side give the wall stability. 

If the ends of the bricks which come 
in contact with the main wall are pro- 
tected by an impervious coating in a 
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Fia. 42.— Dwabp-Wall, 

a, Terra-cotta damp-proof course; 6, main-wall; 
c, dwarf-wall; d, concrete; e, tile-drain. 

wall of tbis kind, it will form an effectual 
barrier against dampuess on the face of 
the wall where the ground comes in con- 
tact with it (Fig. 42). 



IV. 

UISCELL&HEOtTB. 

117. Itnperoious Coatings. — ^Brickand 
stone walls that would absorb water re- 
qoire an impervious coating on the out- 
side, in addition to the broken-stone 
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filling, where there is a sign of moisture 
in the soil or sub-soil. 

118. For this purpose numerous ex- 
pedients have been tried; enameled or 
glazed brick, with joints laid in asphalt 
and fine sand, or with joints laid in Port- 
land cement mixed with same quantity of 
clean fine sand; an excellent method, 
but too expensive for ordinary use. 
Bricks have been made for the purpose 
with glass in their center, and asphalt or 
other bituminous material mixed with 
sand has been molded in the form of 
damp-proof brick. 

Glazed terra-cotta slabs, worked in so 
as to protect the wall, were introduced 
into England by Follet in 1869. Facing 
walls with non -absorbing materials is 
common in Germany, density and non- 
absorbency going hand in hand. 

119. An effectual impervious facing is 
given to the wall by using Taylor's or 
Doulton's damp-proof courses, made of 
vitrified or glazed stoneware (Fig. 43). 
The tile must be laid with the vitrified 
surface on the outside, next to the em- 
bankment. 
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The tiles may be tied into the wall 
either by iron clamps (asphalted or gal- 
vanized), or the tiles may be built into the 
wall so that every other tile will have its 
narrow edge outside and run back its 
full depth into the wall. The holes which 
run through the tile must not open on 
the outside, as they would form conduits 
through which water could run into the 
wall. Joints should be made with asphalt 
or cement and fine sand. 

120. Cheap JF^acings. — The cheap 
methods of protecting the face of a wall 
where it is below the surface are by fac- 
ing it with slate laid in cement-mortar, 
plastering it with cement-mortar, or coat- 
ing it with asphalt-mastic, gas-tar, or 
pitch. Asphalt requires a smooth sur- 
face, so the wall should be plastered first 
with cement-mortar. Gas-tar and pitch 
must be appUed in a boiling state, and 
the bricks must be perfectly dry, and it 
is better to have them heated. Cement 
may crack and slate become disjointed, 
while bitumens, mineral or organic, have 



Pig. 48.— TiLB Faoibq. 

ra, Tile damp-proof course; b, tUe-facing; e, 
bond-tile; d, concrete footing and cellar- 
bottom; e, cement coat; /, brokeu-atone 
filling. 

a'certain elasticity to them which makes 
them valuable. 

121. Damp-Proof Courses. — Imper- 
tIous conrseB are introduced into brick 
or other absorbent walls to prevent 
moisture that wonld come through the 
footings or other unprotected parts of 
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the wall which are below the surface of 
the ground from risiog into the wall 
above. Such courses are called damp- 
proof, and are inserted juet above the 
ground line, and when properly laid they 
are an eflfective barrier to water rising by 
capillary attraction. 
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122. Tile Damp'Proof Courses,— The 
Taylor and Doulton damp-proof courses 
(Fig. 44), made hollow and of highly- 
vitrified stoneware, are used in England. 

The Doulton tile has a tongue which 
fits into a corresponding groove in the 
tile next to it in the course. These tiles 
are made so as to cover the entire width 
of the wall, and must be jointed with 
Portland cement or asphalt and sand. 

The holes which 'run through all these 
tiles may be utilized for ventilation. 

123. Sheet-Lead^ cut the width or 
thickness of the wall, weight five or six 
pounds per superficial foot, makes an ex- 
cellent but expensive damp-proof course 
(Fig. 39— a). At the joint the lead 
should be carried down in a vertical joint 
and lapped. A solder joint might break, 
either from expansion or contraction or 
by settlement in the masonry. 

Hot Asphalt (Fig. 39 — d) mixed with 
sand, one-half to three-quarters of an 
inch thick, makes a good damp-proof 
course. Bitumen damp-proof courses are 
now manufactured of any width or lengths 
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Portland cement, mixed with sand, about 
onerhalf of an inch thick, is sometimes 
used as a damp-proof, but it is liable to 
crack, and thus prove ineffectual. 

124. Slate (Fig. 38 — a) laid in cement, 
two courses deep, in which the top 
course covers the joint of the bottom 
course, is the damp-proof course used 
almost universallj in this country and in 
England. Slate, when carefully bedded 
in cement, will not break unless there is 
an unusual settlement in the foundation. 
When the slate laps the joints properly, 
it makes a damp-proof course, which 
serves its purpose well, "and will not be 
superseded except in expensive buildings. 

125. Interior Coating. — Treatment of 
the interior face of the wall, except in 
connection with the treatment of the ex- 
terior, or to protect plastering or fresco- 
ing from stain, amounts to nothing more 
than covering the evil up to keep it out 
of sight. The damp wall, with its evil 
effects are unremoved. 

Many quack remedies have been de- 
vised, each of which, according to the 



126 

inventor, is perfect. The interior surface 
(as a sure cure) has been covered with 
tin foil or oil cloths. Glass veneer has 
been tried in France and Germany, the 
glass being held in position by litharge 
plaster or cement. The walls have been 
coated with paints of many compounds, 
alums, soaps, silicates, and cements or 
asphalt, all have been tried. The water 
is merely dammed up, the wall is wet, 
and the water will eventually find its way 
through. 

When it is desirable to treat the wall, 
so as to insure the protection of fresco- 
ing, the wall may be studded (Fig. 45-^). 

126. Studding Walls. — The studs be- 
ing independent of the wall (two by .four 
inches in section) are stiff enough to 
plaster on. The space between studs 
should be filled in solid at the top and 
bottom with two or three courses of brick 
to prevent the spread of fire. 

In this way an air-space is formed that 
will add materially to the comfort of the 
house. This plan may be adopted in 
connection with some of the treatments 



a. Wall ; e, damp-proof course ; /, water-shed ; 
g, studding; k, lath and plaster. 

mentioned for the outside of the wall 
with adrantiige. 

127. Water Sheds. — Sometimes water 
Bheds are placed beneath the surface to 
carry off the water that mns down the 
Bide of the building, or falls directly over 
the shed (Fig. 45). The shed ia com- 
posed of a course of bricks laid against 
the building near the surface, and run- 
ning off into the ground at an angle of 
forty-five degrees, and extending to a 
distance of two or three feet from the 
building line. The shed must be covered 
with some impervious material, such as 



128 

slate laid in cement or a coating of ce- 
ment or asphalt and sand, the slate coyer 
being probably the best. The first course 
must be laid in a groove, cut or left in 
the wall for that purpose. The shed 
should be built on concrete or boards (in 
some cases), where the foundation is bad 
and liable to settle. 

128. Water sheds are sometimes ad- 
vantageously placed above ground ; in 
that case they take the form of either an 
asphalt or concrete pavement. Where 
the ground is sandy or gravelly, a shed 
of this kind is useful, as it carries the 
surface water well away from the building 
before it soaks into the ground. 

129. Areas. — One of the most com- 
mon and effectual methods of protecting 
an outside wall from dampness or moist- 
ure is by means of an area. Areas may 
be concealed, being covered with earth 
and connected with the main wall at the 
top, or they may be. open — that is, en- 
tirely independent of the building. 

130. French Treatment — VioUet le 
Due describes a method for checking a 



PiQ.46 — Fbbncs Akba oe Ihtehokpting- Drain. 

a. Area; S, openings; c, stone filling; d, im- 
pervious stone damp-proof course ; /, con- 
crete water-ahed; g, earth filling; A, con- 
crete ; i. impervious stratum ; k, loose stone 
between area and building. 

flow of water that would otherwise run 
against and into the foundation, by means 
of a concealed passageway or area (Pig. 
46). This area is intended to intercept 
any water that might flow along a rocky 
OF other imperrioua strattim toward the 
building. 
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The passageway is made of concrete, 
in the form of an egg-shaped sewer, with 
an arch of stone or brick for its crown. 

131. A slanting surface of concrete ex- 
tends from the building liue to the out- 
side edge of the sewer. In this way a 
water shed is formed that would throw 
the surface water away from the build- 
ing. On the side of this conduit, away 
from the building, there is a row of long, 
narrow openings or slits, against which 
stones are piled. The water that runs 
along the impervious stratum is inter- 
cepted, and enters the passage by the 
open slits, and may be conveyed away as 
described on a previous page. 

132. These passageways may be entire- 
ly independent of the wall, the space be- 
tween being filled with broken stone, or 
the ^foundation-wall may be used as the 
interior wall of the conduit (Fig. 47). The 
first method would protect the building 
better than the latter, while the latter 
would be the cheaper. 

133. Concealed Area. — A convenient 
concealed area may be built after the 
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main wall is carried up. The concrete 
fonndatiOD should bo extended about 
three feet beyond the foundation wall, 
and on this a nine-inch, or one-brick 
thick wall may be carried up to within a 



Fig. 48.— Concealed Akr*. 

, Water-shed, cemented; b, taain wall; e, 
damp-proof atone ; d, area-wall; t', tUe- 
draia; /, perforated tile ; f, area bottom, 
iron grating ; h, area ; I, concrete floor and 
footings ; k, joiets ; m, double Goors, tar. 
paper between them; n, surface of the 
ground. 
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short distance of the surface, when an 
arch should be sprung from it to the 
foundation wall. The top of the brick 
forming this arch may be cut or molded 
so as to form a water shed, and throw 
the surface water away from the build- 
ing (Fig. 48). 

The top of this brick-work must be 
covered with asphalt or cement and 
sand. 

134. The open space between the two 
walls should be at least large enough to 
allow a man to enter, as the additional 
expense would be small, and the conve- 
nience at some time might be great. 

The concrete must be graded toward 
the center, and coated with cement or 
asphalt. Beneath the center or lowest 
point in the drain a tile drain* must be 
laid to carry off all the water that might 
come through the area wall. 

135. It is always advisable to provide 
for the passage of water through an area 
wall, instead of damming it up by the 
wall. 

The perforations in the damp-proof 
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course answer both to let water and air 
through the wall. Although there is 
very little danger of dirt getting into a 
concealed area, still it is well to cover 
the gutter with a cast-iron perforated 
grating, as it will prevent rats and mice 
from entering the drain. Concealed 
areas must have two or more openings 
into the outside air, so that a circulation 
of pure air may take place through the 
area, and through which any ground air 
can pass into the pure air on the outside 
of the building. 

136. JfanAo/e.— Concealed areas should 
have a manhole through which they can 
be inspected from time to time. 

Areas are sometimes built in the form 
of a number of small arches. A very 
thin area wall may be built in this way, 
as the arch abuts against the wall of the 
building. Although this form of area is 
used in England, it is objectionable on 
account of the comer, which would be 
hard to clean. (Fig. 49.) 

137. Open Areas. — An open '[area is 
nothing more than a low retaining wall 
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Fig. 49. — Plak of Area formed by Arches. 
a, Wall ; J, area. 

built against the side of the cut, two or 
more feet from the foundation- wall. An 
area of this kind forms a complete pro- 
tection for the wall against moisture or 
dampness that might come from the bank 
of earth piled against the wall. An open 
grating may be placed over an open area 
of this kind by letting it fit in rebates 
made in the coping of the dwarf wall, 



Fig. 50.— Opkn Abba. 



a, Coping; 6, m^a wall; e, grating; d, con- 
crete; e, flagstones; /, perforated iron 
cover; ff, joiBts, rentilntor beneath ; i, 
strops on joiata; k, horsesUoe-tile ; I, false 
floor; m, aslKstOS fllliog or pscking; n, 
floor. 
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and in the stone belt of the foundation 
wall (Fig. 50). 

138. Open areas are always to be pre- 
ferred to concealed ones. They are open 
to the purifying action of light and air. 
Being constantly under the eye, they will 
be kept clean by a careiPul housewife. 
Concealed areas, being out of sight, are 
generally out of mind. Vermin delight 
to congregate in dark places when they 
dare not show themselves in places open 
to the light of day. 

139. Cellar Floors. — The common 
method of laying a brick pavement in 
sand or lime mortar offers no impedi- 
ment to either water or air. Bricks laid 
in cement mortar, and covered with a 
coating of the same, are better, while 
bricks laid on in asphalt mastic, and cov- 
ered with it, form an excellent cellar 
bottom. The bricks protect the asphalt, 
while the asphalt prevents either moist- 
ure or impure air from entering the build- 
ing. (See Fig. 36— a.) 

140. All cellar floors should be con- 
creted with a coating of concrete from 
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three to six inches thick, according to 
circumstances. 

The concrete must then be finished 
with a coating of cenaent mortar or as- 
phalt mastic. The concrete should be 
made in the same manner as that de- 
scribed for footing courses. (See Fig. 

141. Asphalt — Contractors sometimes 
attempt and sometimes commit an im- 
position by using vegetable pitch, gas tar 
combined with chalk, and other composi- 
tions, in the place of asphalt. 

Asphalt is a mineral pitch, found prac- 
tically, although not chemically, pure in 
nature. It has been used from the earli- 
est times for the purpose of protecting 
substances or bodies from air and water. 
The Egyptians, probably more than three 
thousand years ago, used asphalt to pro- 
tect their mummies. 

142. A limestone impregnated with as- 
phalt is used in France instead of the 
simple substance. In Washington City, 
where the number of square yards of as- 
phalt pavement exceeds that of all the 
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other cities in the world combined, the 
following formula has been found to 
make the best mastic : 

^Asphaltic cement (refined Trinidad 
asphalt, 100 parts; petroleum oil, 

20parts) 15 to 18 

Limestone powder 15 to 17 

Sand 70 to 65 

100 to 100 
This coating neither cracks in cold 
weather (10°), nor becomes soft in hot 
weather (160° Fah.) in the son. 

Asphalt is found to be far superior in 
durability to any of its substitutes. 

143. Floors, — ^Where it is necessary or 
desirable to have the cellar floor boarded 
over, as is the case when this part of the 
building is to be used as a basement, the 
flooring is sometimes laid directly on 
sleepers imbeded in the concrete. (See 
Fig. 38-^.) The only feature which a floor 
of this kind has to recommend it id, 
that rats and mice cannot find a play- 
ground beneath it. Where the joists 
are raised above the concrete covering, 

* Eii«^eer*8 Report of the District of Colambia. 
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and perforated damp-proof tiles (Fig. 
50-^) are built into the wall, a circulation 
of air will take place beneath the floor. 

All basement floors are best laid double, 
with two thicknesses of tarred paper 
between them. 

When the joists are not bedded in the 
concrete, small strips may be nailed to 
the side of the joists one-third of the 
way from the top, and pieces of board 
sawed so as to rest on them. In this 
manner a false floor is formed, with a 
space two or three inches deep between 
it and the top floor. 

144. Mineral Wool, — This space 
should be fllled with mineral wool, a ma- 
terial prepared by passing superheated 
steam through ordinary iron slag. It 
has the appearance of white wool, and 
weighs very little in comparison with its 
bulk. 

It is said, on good authority, to be 
death to insects that enter it. This ma- 
terial is fire-proof, and a non-conductor. 
Mineral wool is liable to decay where it 
becomes wet, and as it absorbs and re- 
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tains moisture, it should not be used in 
damp places. These spaces may be filled 
with asbestos, as it forms a good non- 
conducting material. 

145. Roof Water, — ^It seems scarcely 
necessary to say that water from the roof 
should not be allowed to fall from the 
eaves to the ground, as it would run into 
the ground and against the foundation 
wall. It should always be carried off in 
properly constructed gutters and down 
spouts. 

146. The down-spouts should, when 
there is a drainage system, be carried in- 
to the disconnecting-trap between the 
drainage and sewerage systems. When 
the down-spout connects directly with 
the sewer it should have a deep trap, 
and be carried up, of cast iron, with lead- 
calked joints, or of wrought iron with 
screw joints, to a point above the roof of 
the building. With the ordinary tin or 
zinc-coated iron down-spouts there are 
always outlets for sewer air, aDd, as the 
trap may lose its seal by evaporation, the 



a. Capstone ; e, down-epout or drain ; 
e, catch-basin ; /, sewer. 

sewer air would be drawn into the honae 

through the windows. 
147. The Coliseum affords an inter- 

eeting example of the methods employed 

by the anpients to drain off rain yater. 
According to Edward Cresy,* fifty-^ix of 
• " Snoralopedla ot EiiKineerliiB," Bdward Cntr- 



i- 



I 



143 

these drain pipes, or, more properly, 
down-spouts, remain in the thickness of 
the Coliseum wall. These conduits, 
about twelve inches in diameter, were 
hollowed from the middle of large masses 
of freestone twenty inches high, and al- 
ternately jutting into the wall, so as 
to bond with the other parts of the ma- 
sonry (Fig. 51). 

149. " J'he upper end of each stone is 
cut in the form of an inverted cone, while 
the bottom is level." In this way water 
was prevented from entering the masonry 
through the joint. The top of these con- 
duits was capped by a large stone ; de- 
cidedly dish-shaped on top, with a small 
hole two inches in diameter passing 
through it into the conduit. 

150. In this way all the seats and gal- 
leries were drained. The water passed 
off into gutters, and thence through 
small brick or stone drains into the large 
sewers for which Rome is famous. 
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most simple to the more complex, and in their description 
technicalities are avoided as much as possible. With illus- 
trations for Drawing Plans, Sections, and Elevations of 
Railways and Machinery* an Introduction to Isometrical 
Drawing, and an Essay on Linear Perspective and Shadows. 
Illustrated with over 200 diagrams engraved on steel. Ninth 
edition. With an Appendix on the Theory and Application 

of Colors. 8vo, cloth 4 00 

" It is the best work on Drawing that we have ever seen, and is 
especially a text-book of Geometrical Drawing for the use of Me- 
chanics and Schools. No youn^ Mechanic, such as a Machinist, 
Eng^ineer, Cabinet-maker, Millwright, or Carpenter, should be with- 
out It." — Scientific American. 

Geometrical Drawing. Abrideed from the octavo edi- 
tion, for the use of schools. Illustrated with forty-eight 
steel plates. Fifth edition. i2mo, cloth 3 00 



I i-n -r«ii 



D. VAN NOSTEAND'S PUBLICATIONS. 9 

MODERN METEOROLOGY. A Series of Six Lectures, de- 
livered under the auspices of the Meteorological Society 
inz87& Illustrated. i2ino,cloth $150 

MORRIS (E.) Easy Rules for the Measurement of Earth- 
works, by Means of the Pri&moidal Formula. 78 illustra- 
tions. 8vo,cloth 150 

MOTT (H. A , Jr.) A Practical Treatise on Chemistry (Quali- 
tative and Quantitative Analysis), Stoichiometry, Blow-pipe 
Analysis, Mineralogy^ Assaying, Pharmaceutical Prepara- 
tions, Human Secretions, Specinc Gravities, Weights and 
Measures, etc., etc., etc. New edition, 1883. 650 pages. 
8vo, cloth 4 00 

N AQUET (A.) legal Chemistry . A Guide to the Detection of 
Poisons, Falsification of Writings, Adulteration of Alimen- 
tary and Pharmaceutical Substances, Analysis ^of Ashes, 
and examination of Hair, Coins, Arms, and Stains, as ap- 
plied to Chemical Jurisprudence, for the use of Chemists, 
Physicians, Lawyers, Pharmacists, and Experts. Translat- 
ed, with additions, including a list of books and Memoirs on 
Toxicology, etc., from the French. By J. P. Battershall, 
Ph.D., with a preface by C. F. Chandler, Ph.D., M.D., 
LL.D. i2mo, cloth *. 300 

NOBLE (W.H.) Useful Tables. Pocket form, cloth 50 

NUGENT (E.) Treatise on Optics ; or. Light and Sight, theo- 
retically and practically treated, with the application to 
Fine Art md Industrial Pursuits. With Z03 illustrations, 
lamo, cloth 1 so 

PEIRCE (6.) System of Analytic Mechanics. 4to, cloth xo 00 

PLANE -ABLE <THE). Its Uses in Topoeraphical Survey* 
Ing. From the Papers of the U. S. Coast Survey. Illustrat- 
ed, I. V, cloth 200 

" Thifl work gives a description of the Plane Table employed at 
the U. S. Coast Survey office, and the manner of using it.'*^ 

PLATTNER. Manual of Qualitative and Quantitative An- 
alysis with the Blow-Pipe. From the last German edition, 
revised and enlarged. By Prof. Th. Richter, of the Royal 
Saxon Minine Academy. Translated by Prof H. B. Corn- 
wall, assistedoy John H. Caswell. Iflustrated with 87 wood- 
cuts and one iithoeraphic plate. Fourth edition, revised, 
5160 pages. 8vo, cloth 5 co 

PLYMPTON (Prof. GEO. W.) The Blow-Pipe. A Guide to its 
use in the Determination of Salts and Minerals. Compiled 
from various sources. i2mo, cloth x 50 

' The Aneroid Barometer: Its Constructioa and Use. 
Compiled from several sources. z6mo, boards, illustrated, 50 
Morocco I 00 
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PLYMPTON (Prof. GEO. W.) The Star-Finder, or Plani- 
sphere, with Movable Horizon Printed in colors on fine 
card-4}oard, and in accordance with Proctor's Star Atlas. . .$i oo 

POCKET LOGARITHMS, to Four Places of Decimals, includ- 
ing Logarithms of Numbers, and Logarithmic Sines and 
Tangents to Single Minutes. To which is added a Table of 
Natural Sines, Tangents, and Co-Tangents. i6mo, boards, 50 
Morocco . . . . : X 00 

POOK (S. M.) Method of Comparing the Lines and Draught- 
ing Vessels propelled by Sail or Steam. Including a chap- 
ter on Laying-on on the Mould-Loft Floor, z vol. 8vo, with 
illustrations, cloth 5 bo 

POPE (F. L.) Modern Practice of the Electric Telegraph. A 
Hand-Book for Electricians and Operators. Eleventh edi- 
tion, revised and enlarged, and fully illustrated. 8vo, cloth, a 00 

PRESCOTT (Prof A. B ) Outlines of Proximate Organic An- 
alysis, for the Identification, Separation, and Quantitative 
Determination of the more commonly occurring Organic 
Compounds. i2mo, cloth '. 1 75 

• Chemical Examination of Alcoholic Liquors. A Manual 
of the Constituents of the Distilled Spirits and Fermented 
Liquors of Commerce, and their Qualitative and Quantita- 
tive Determinations. i2mo, cloth I 50 

First Book in Qualitative Chemistry. Second edition. 

i2mo, cloth z $0 

PYNCHON (Prof. T. R.) Introduction to Chemical Physics, 
designed for the use of Academies, Colleges, and High- 
Schools. Illustrated with numerous engravings, and con- 
taining copious experiments with directions for preparing 
them. New edition, revised and enlarged, and illustrated 
by 369 illustrations on wood. Crown 8vo, cloth 3 00 

RAMMELSBERG (C. F.) Guide to a Course of Quantitative 
Chemical Analysis, especially of Minerals and Furnace Pro- 
ducts. Illustrated by Examples. Translated by J. Towler, 
M.D. 8vo, cloth .■ 225 

RANDALL (P. M.) Quartz Operator's Hand-Book. New edi- 
tion, revised and enlarged, fully illustrated. lamo, cloth.. . 2 00 

RANKINE fW. J. M.) Applied Mechanics, comprising Prin- 
ciples of Statics, Cinematics, and Dynamics, and Theory 
ot Structures, Mechanism, and Machines. Crown 8vO, 
cloth. Tenth edition. London 500 



— A Manual of the Steam-Engine and other Prime Movers, 
with numerous tables and illustrations. Crown 8vo, cloth. 
Tenth edition. London, 1882 5 00 

— A Selection from the Miscellaneous Scientific Papers of, 
with Memoir by P. G. Tait, and edited by W. J. Millar, C.E. 
8vo, cloth. London, x88o. xo co 



D. VAN NOSTRAND's PUBLICATIONS. 11 

RANKINE (W. J. MJ A Manual of Machinery and Mill-woric 

Fourth edition. CTrown 8vo. London, 1881 $5 00 

-— ^ Civil Eneineerine, comprising Engineering Surveys, 
Earthworlc, foundations. Masonry, Carpentry, Metal- 
worics. Roads, Railways, Canals, Rivers, Water-works, 
Harbors, etc., with numerous tables and illustrations. 
Fourteenth edition, revised by E. F. Bamber, C.E. 8vo. 
London, 18% 6 50 

■ Useful Rules and Tables for Architects, Builders, Car- 
penters, Coachbuilders, Ensineers, Founders, Mechan- 
ics, Shipbuilders, Surveyors, Typefounders, Wheelwrights, 
etc. Sixth edition. Crown 8vo, cloth. London, 1883 4 bo 



and BAMBER (E. F.) A Mechanical Text-Book; or, 



Introduction to the Study of Mechanics and Engineering. 
8vo, cl-tth. London, 1875 3 9> 

RICE :Prof . T. M.) and JOHNSON (Prof. W. W.) On a New 
Method of Obtaining the Differentials of Functions, with 
especial reference to the Newtonian Conception of Rates or 
Velocities. lamo, paper ^ , 50 

ROGERS (Prof. H. D.) The Geokunr of Pennsylvania. A Gov- 
ernment Survey, with a General view of the Geology of the 
United States, Essays on the Coal Formation and its Fos- 
sils, and a description of the Coal Fields of North America 
and Great Britain. Illustrated with Plates and Engravings 
in the text. 3 vols. 4to, cloth, with Portfolio of Maps 30 00 

ROEBLINGJ. A) Long and Short Span Railway Bridges. 
Illustrated with laree copperplate engravings of plans and 
views. Imperial fono, cloth 25 00 

ROSE (4OSHUA, M.E.) The Pattern-Maker's Assistant, em- 
bracmg Lathe Work, Branch Work Core Work,Sweep Work, 
and Practical Gear Constructions, the Preparation and Use 
of Tools, together with a large collection of useful and val- 
uable Tables. Third edition. Illustrated with 250 engrav- 
ings. 8vo, cloth 2 50 

SABINE (ROBERT). History and Progress of the Electric Tel- 
egraph, with descriptions of some of the apparatus. Second 
edition, with additions, i2mo, cloth I 25 

S A£ LTZE R ( ALEX ) Treatise on Acoustics in connection with 

Ventilation. i2mo, cloth x 00 

SCHUMANN (F) A Manual of He=.ting and Ventilation in 
its Practical Application for the use of Engineers and Archi- 
tects, embracing a series of Tables and Formulae for dimen- 
sions of heating, flow and return pipes for steam and hot- 
water boilers, flues, etc., etc. i2mo. Illustrated. Full 
roan i 30 

Formulas and Tables for Architects and Engineers in 

calculating the strains and capacity of structures in Iron 
and Wood^ lamo, morocco, tucks a 50 
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SAWYER (W. E.) Electric-Lighting by Incandescence, and 
its Application to Interior Illumination. A Practical 
Treatise. With 96 illustrations. Third edition. 8vo, cIoth.$3 50 

SCRIBNER (J. M.) Engineers' and Mechanics' Companion, 
comprising United States Weights and Measures, Mensura- 
tion of Superfices and Solids, Tables of Squares and Cubesi 
Square and Cube Roots, Circumference and Areas of Cir- 
cles, the Mechanical Powers, Centres of Gravity, Gravita- 
tion of Bodies, Pendulums, Specific Gravity ot Bodies, 
Strength, Wcicht, and Crush of Materials, Water-Wheels, 
Hydrostatics, Hydraulics, Statics, Centres of Percussion 
and Gyration, l<riction Heat, Tables of the Weieht of 
Metals, Scantling, etc., St^am and the Steam-Efngine. 
Nineteenth edition, revised, i6mo, full morocco i 50 



F.ngineers', Contractors', and Surveyors' Pocket Table- 
lok. Comprising Logarithms of Numbers, Loirarithmic 



Book. . _ _ 

Sines and TangenFs, Natural Sines and Natural Tangents, 
the Traverse 1 able, and a full and complete set of Excava- 
tion and Embankment Tables, together with numerous 
other valuable tables for Engineers, etc. Eleventh edition, 
revised, z6mo, full morocco I so 

SHELLEN (Dr. H.) Dynamo-Electric Machines. Translated, 
with much new matter on American practice, and many il- 
lustrations which now appear for the first time in print. 
8vo, cloth. New York (In press) 

SHOCK (Chief-Eng. W. H.) Steam-Boilers : their Design, 
Construction, and Management. 450 pages text. Illustrated 
with 150 wood-cuts and 36 full-page plates (several double). 
Quarto. Illustrated. Half morocco ipoo 

SHUNK (W. F.) The Field Engineer. A handy book of prac- 
tice in the Survey, Location, and Track-work of Railroads, 
containing a large collection of Rules and Tables, original 
and selected, applicable to both the Standard and Narrow 
Gauge, and prepared with special reference to the wants of 
the young Engineer. Third edition. Z2mo, morocco, 
tucks 250 

SHIELDS (J. E.) Notes on Engineering Construction. Em- 
bracing Discussions of the Principles involved, and Descrip- 
tions of the Material employed in Tunnelling, Bridging, 
Canal and Road Building, etc., etc. izmo, cloth i 50 

SHREVE (S. HO A Treatise on the Strength of Bridges and 
Roofs. Comprising the determination of Algebraic formu- 
las for strains in Horizontal, Inclined or Rafter, Triangular. 
Bowstring, Lenticular, and other Trusses, from fixed and 
moving loads, with practical applications and examples, for 
the use of Students and Eneineers. 87 wood-cut illustra- 
tions. Third edition. 8vo, cloth 350 
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SIMMS (F. W.) A Treatise on the Principles and Practice of 
Levelling, showing its application to purposes of Railway 
Engineering and the Construction of Koads, etc. Revised 
anoT corrected, with the addition of Mr. Laws's Practical 
Examples for setting out Railway Curves. Illustrated. 8vo, 
cloth t3S0 

STILLMAN (PAUL) Steam-Engine Indicator, and the Im- 
proved Manometer Steam and Vacuum Gauges — ^their Utility 
and Application. New edition. i2mo, flexible cloth i oo 

STONEY (B. D.) The Theory of Strains in Girders and similar 
structures, with observations on the application of Theory 
to Practice, and Tables of Stren^h and other properties of 
Materials. New and revised edition, enlaiged. koyal 8vo, 
664 pages. Complete in one volume. 8vo, cloth 12^0 

STUART (CHAS. B., U. S. N.l The Naval Dry Docks of the 
United States. Illustrated with 24 engravings on steel. 
Fourth edition, cloth 6 00 

The Civil and Military Engineers of America. With g 

finely executed portraits of eminent engineers, and illus- 
trated by engravings of some of the most important works 
constructed m America. 8vo, cloth 5 00 

STUART (B.) How to Become a Successful Engineer. Being 
Hints to Youths intending to adopt the Profession. Sixth 
edition. lamo, boards 50 

SWEET (S. H.) Special Report on Coal, showing its Distri- 
bution, Classification, and Cost delivered over different 
. routes to various points in the State of New York and the 
principal cities on the Atlantic Coast. With maps. 8vo, 
cloth 300 

TEXT-BOOK (A) ON SURVEYING. Proiectkms, and Por- 
able Instruments, for the Use of the Cadet Mid^pmen at 
the U. S. Nxvai Academy. Nine lithographed plates and 
several wood-ctits. 8vo, cloth 3 00 

TONER CJ. M.) Dictionary of Elevations and Climatic Reg- 
ister of the United States. Coniainine, in addition to Ele- 
vations, the Latitude, Mean Annual Temperature, and the 
total Annual Rain-iall of many localities ; with a brief in- 
troduction on the Orographic and Physical Peculiarities of 
North America. 8vo, cloth 3 75 

TUCKER (Dr. J H.) A Manual of Sugar Analysis, includ- 
ing the Applications in General oi Analytical Methods to 
the Sugar Industry. With an Introduction on the Chemis- 
try of Cane Sugar, Dextrose, Levulose, and MUk bugar. 
8vo, cloth, illustrated 3 50 

TUNNER (P.) A Treatise on Roll-Turning for the Manufac- 
ture of Iron Translated and adapted by John B. Pearse, 
of the Pennsylvania Sieel-Works, with numerous engrav- 
ings, wood-cuts, and folio atlas of plates zo 00 



VAN WAGENEN (T. F.) Manual of Hydraulic Mining, for 

the use of ihe Practical Miner. i2ino, cloth $i oo 

WALKER ( W. H.) Screw Propulsion. Notes on Screw Pro- 

pulsion : Its Rise and History. 8vo, cloth 75 

WANKLYN (J. A.) A Practical Treatise on the Examination 
of Milk and its Derivatives, Cream, Butter, and Cheese. 
i2mo, cloth , . , I 00 

WATT (ALEX.) Electro-Metallurfirvj Practically Treated. 
Sixth edition, with considerable adaitions. lamo, cloth i 00 

WEISBACH gULIUS). A Manualof Theoretical Mechanics. 
Translated from the fourth autnnented and improved Ger- 
man edition, with an introduction to the Calculus, by Eck- 
ley B. Coxe, A.M., Minine Engineer. 1,100 pages, and 903 
wood-cut illustrations. ' 8vo, cloth 10 00 

WEYKAUCH (J.J.) Strengrth and Calculations o(. Dimen- 
sions of Iron and Steel Construction, with reference to 
the Latest Experiments, i2mo, cloth, plates i 00 

WILLIAMSON (R. S ) On the use of the Barometer on Sur- 
veys and Keconnoissances. Patt I. Meteorolofry in its Con- 
nection with Hypsomctry. Part II. Barometric Hypsom- 
etry. With Illustrative Tables and Engravings. 4to'. cloth i s 00 

Prac ical Tables in Meteorology and Hypsometry, in con- 
nection with the use of the Barometer. 4to, cloth 2 50 



Complete 112-page Catalogue of works in 
every department of science sent postpaid to 
any address on receipt of ten cents in postage 
stamps. 



TAN NOSTBAHD'S SCIEHCE SERIES. 

No. 2a— ON TRANSMISSION OF POWER BY 
WIRE ROPE. By Albert W. Stahl. 
Fully illustruled. 

No. 29.— INJECTORS ; THEIR THEORY AND 
USE. Translated from the French of 
M. Leon Pouchet. Illustrated. 

NoL 80.— TERRESTRIAL MAGNETISM AND 
THE MAGNETISM OF IRON SHIPS. 
By Prof. Fairman Rogers. Illustrated. 

No. 81.— THE SANITARY CONDITION OF 
DWELLING HOUSES IN TOWN 
AND COUNTRY. By George E. 
Waring, Jr., Consulting Engineer for 
Sanitary and Agricultural Works. 

No 82. -CABLE MAKING FOR SUSPENSION 
BRIDGES, as exemplified in the Con- 
struction of the East River Bridge. By 

WlLHEL^I HiLDENBRAND, C. E. Fully 

illustrated. 

No 83.— MECHANICS OF VENTILATION. By 
Georgb W. B after, Civil Engineer. 

No. 34.— FOUNDATIONS. By Prof. Jules Gaud- 
ARD, C. E. Translated from the 
French, by L. F. Vernon Harcourt, 
M. L C. E. 

No. 85.— THE ANEROID BAROMETER : Its Con- 
struction and Use. Compiled by Prof. G. 
W Plympton. 2d Revised Edition. DIus. 

No. 86.— MATTER AND MOTION. By J. Clerk 
Maxwell. 

No . 87.— GEOGRAPHICAL SURVEYING : Its 
Uses, Methods and Results. By Frank 
De Yeaux Carpenter. 

No. 88.— MAXIMUM STRESSES IN FRAMED 
BRIDGES. By Prof. Wm. Cain. Illus- 
trated. 

No. 89 --A HAND-BOOK OF THE ELECTRO- 
MAGNETIC TELEGRAPH. By A. E. 
LoRiNG, a Practical Telegrapher. Illus- 
trated. 
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This book should be returned to 
the Library on or before the last date 
stamped below. > 

A fine of five cents a day is incurred 
by retaining it beyond the specified 

time. 

Please return promptly. 



